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PREFACE
The research  d escrib ed  in  t h is  t h e s i s  was carr ied  out 
at the U n iv ers ity  o f Bath between October 1970 and 
October 1973*
I .R . sp ectra  were determ ined on a Perkin-Elm er 237 
Spectrophotom eter as n u jo l m ulls u n less  otherw ise s ta te d ,  
and V max i s  expressed  in  om"’^. U.V, sp ectra  were determined  
on a Perkin Elmer 137 spectrophotom eter in  95^ e th a n o l, 
u n less  otherw ise s ta te d , A max i s  expressed  in  nm. N.M.R. 
sp ectra  were obtained using a Varian A-60 spectrom eter or a 
J.E .O .L . P .S  100, and chem ical s h i f t s  are expressed  in ppm 
dow nfield  from T.M.S. as in te r n a l standard. Mass sp ectra  
were measured on an A .E .I . MS 12 spectrom eter and r e la t iv e  
peak in t e n s i t i e s  are quoted as a percentage of the base peak. 
A ll m elting  p o in ts  are uncorrected .
- i i i -
SUMMARY
Chapter 1 o f  t h is  t h e s is  con ta in s a b r ie f  rev iew  o f  
the s t r u c tu r e -a c t iv i ty  r e la t io n s h ip s  in  b ron ch od ila tor  
drugs, and d escr ib es  th e syn th eses o f  5-hydroxy and 7-hydro3qy- 
6-hydroxym ethyl-l( 5 ,4 ,5 - tr im e th o x y b en zy l)-!, 2 ,5 ,4 -  
te tra h y d ro iso q u in o lin e s  as p o te n t ia l ly  a c t iv e  compounds.
The prelim in ary  pharmacology o f  th e se  s a lig e n in s  are  a ls o  
in c lu d ed . The sy n th e s is  in v o lv e s  a Pom eranz-Fritsch type  
o f c y c l is a t io n  which occurs in  an abnormally high y i e ld  with  
th e  a d d itio n a l anomaly o f  a high orth o/p ara  r a t io .  In tro d u ctio n  
o f th e 1 -b en zy l su b s t itu e n t  was ach ieved  by use o f  th e  R e is s e r t  
r e a c t io n , and in v o lv e s  a n o v e l, h igh y ie ld  method fo r  
decom position  o f  th e  l-b e n z y l-2 -b e n z o y lis o q u in a ld o n itr ile  
to  the 1 -b en zy l arom atic is o q u in o lin e . An in t e r e s t in g  
t e t r a c y c l ic  compound i s  d escrib ed  which a r is e s  from a c id  
treatm ent o f  the is o q u in a ld o n itr i le ,  and prompted th e  
in v e s t ig a t io n  o f  iso p a v in e  a lk a lo id s  d iscu ssed  in  Chapter 2.
The two p o s s ib le  isom eric s tr u c tu r e s  fo r  the a lk a lo id  
refram olin e are sy n th es ised  by a novel rou te in v o lv in g  
a m in o n itr ile  in term ed ia tes . P ro fe sso r  J . S la v ik  showed 
th a t  on ly  one o f  the prepared iso p a v in es  was id e n t ic a l  by 
th in  la y e r  chromatographic p ro p er tie s  and in fra re d  spectrum  
w ith  the n a tu r a lly  occurring a lk a lo id  refra m o lin e . A s ig n i f ic a n t  
d iffe r e n c e  was observed in  the U.V. sp ectra  in  a lk a lin e  s o lu t io n ,  
o f th e  two m ethine bases prepared by Hofmann d eg rad ation s.
- iv -
From the same isop av in e  sy n th e se s  th e two r e la te d  pavines  
were prepared, one o f  which confirm ed th e  stru ctu re  o f  the  
a lk a lo id  caryachine a s  2 ,5 - m eth ylen ed ioxy-8-h yd roxy-9-  
methoxypavinane. N or-caryach ine was a ls o  prepared and id e n t if i e d  
w ith  caryachine by N -dem ethylatlon  and N -m ethylation  r e a c t io n s .  
Apart from pavine i t s e l f ,  n o r -ca ry a ch in e  i s  the on ly  N-H 
pavine known.
Among some in te r e s t in g  s id e  r e a c t io n s  observed in  the above 
work was an exanple o f  the known benzyl m igration  v ia  the
1-b e n z y l-1 ,2 -d ih y d r o iso q u in o lin e  in term ed ia te . T his r e a c tio n  i s  
b e lie v e d  to  be a concerted  b im o lecu la r  exchange r e a c t io n , and work 
d escribed  in  Chapter 3 confirm s t h is  by crossed  m igration  
r e a c tio n s  o f  1 , 2 -d ih yd roisoq u in o> lin es, both  c h ir a l  a t Ĉ  and 
racem ic. Two p o s s ib le  t r a n s it io n  s ta t e s  fo r  the r e a c tio n  have 
been advanced p r io r  to  th is  work, one o f  wbich in v o lv e s  two 
m olecules o f the same c o n f ig u r a t io n  a t  Ĉ  and the o th er , two 
m olecules o f o p p o site  c o n fig u r a tio n . The d is tr ib u t io n  o f  products 
o f  various m igration  r e a c t io n s , as shown by T .L .C . and mass 
spectrom etry, can o n ly  be ex p la in ed  by th e involvem ent o f  both  
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CHAPTER 1 ; INTRODUCTION
1. S tructure -  a c t iv i t y  r e la t io n s h ip  in  (9 -ad ren orecep tor  
1 2stim ulants*  ’
D i f f ic u l t y  in b reath in g  due to  bronchospasm occurs most 
commonly in  bronch ial asthma. Bronchospasm i s  an in vo lu n tary  
co n tra ctio n  o f the b ron ch io lar  smooth m uscle and i s  o ften  
accompanied by sw e llin g  o f  the r e sp ir a to r y  t r a c t s ’ mucosa.
I t  i s  caused by an a l l e r g ic  response from s e n s i t i s a t io n  to  
fo re ig n  p ro te in s  or a n tig en s which promote antibody form ation . 
C ircu la tio n  o f the a n tib o d ie s  in the blood stream and fu r th er  
exposure of the host to  the same an tigen  r e s u lt  in  an a l l e r g ic  
response which i s  accompanied by the r e le a s e  o f spasmogens 
eg . h istam ine and 5-bydroxytryptam ine. Such spasmogens cause 
v a s o d ila t io n , b ron ch ocon str iction  and in creased  se c r e tio n  by 
the te a r  g lands and r e sp ira to r y  passages; the la t t e r  e f f e c t s  
in crease  d i f f i c u l t i e s  in breath ing by o b str u c tio n  o f the 
b r o n c h io le s . Asthma i s  e f f e c t i v e ly  tr e a te d  w ith  b ron ch od ila tor  
drugs which stim u la te  (2 -a d ren orecep tors by a c tin g  as 
sympathomimetics to  produce r e la x a tio n  o f  b ron ch io lar  smooth 
muscle which a llow s e a s ie r  passage o f a ir  in  and out o f the  
lu n gs.
A hlquist^  compared the a c tio n  of a number o f sympathomimetics 
in c lu d in g  the catecholam ines ad ren aline ( l ) ,  noradrenaline (2 )  
and iso p ren a lin e  ( 3) ,  on smooth m uscle. He found th a t in  
smooth m uscle, which responds to  the drugs' a c tio n  by
2.




co n tra c tio n , the order o f  potency o f the catecholam ines i s  
adrenaline ) noradrenaline )  iso p r e n a lin e , but where response  
to  the drug i s  by way of r e la x a t io n  the order of potency i s  
rev ersed . He exp lained  t h is  by p o s tu la tin g  two typ es of  
recep to r , and ^ • C e lls  w ith  oL -r e c e p to r s  have a h igh  
s e n s i t i v i t y  to  adrenaline ( l )  and noradrenaline (2 ) but a low 
s e n s i t iv i t y  to  iso p ren a lin e  ( 3 ) ,  whereas (9 -r e c e p to r s  have a 
high s e n s i t i v i t y  to  iso p ren a lin e  but lower s e n s i t iv i t y  to  
ad ren aline and n orad ren a lin e .
The d ir e c t io n  o f response o f an organ to  a drug w i l l  
depend on th ree main fa c to r s ;
(a ) The presence of one or other of the recep tor  ty p e s ,
or i f  both and ^ are p resen t, which recep tor  predom inates,
(b) The a f f in i t y  of the a c t iv a t in g  substance fo r  the two typ es
of rec ep to r .
3.
(o ) The type o f smooth muscle present in  the organ, l e .  does
i t  respond w ith r e la x a tio n  or con traction ?
From A h lq u ist’ s work i t  fo llo w s  th a t as the N -a lk y l 
su b stitu e n t  o f the catecholam ine i s  made more bu lky, ^ -r e c e p to r  
agonism i s  in creased; thus iso p ren a lin e  ( 3 ) i s  potent at  
(3 -r e c e p to r s  but v ir tu a l ly  in a c t iv e  at ol - s i t e s .  Each o f  
the fu n c tio n a l groups of iso p ren a lin e  c o n tr ib u tes  towards the 
a c t iv a t io n  of the  ̂ - r e c e p to r , and alm ost any change in  
s tr u c tu r e , other than N -s u b s t i t u t ion , low ers the potency.
However, attem pts to  a l t e r  the ca tech o l m oiety o f iso p ren a lin e  ( 3 ) 
have furn ished  other a c t iv e  compounds eg . o rc ip ren a lin e  ( 4 ) ,  













( 6 ) (7 )
4.
gave triraetoquinol (? )^  which i s ,  in  e f f e c t ,  a c y c lis e d  
catecholam ine w ith  potent (3 -r e c e p to r  a g o n is t  a c t iv i t y ,  
d e sp ite  the absence o f a (3 -hydroxy group.
The s a lig e n in s  as -r e c e p to r  a g o n is ts  are l e s s  potent
than catecholam ines but have a much more s e le c t iv e  a c t io n .
The heart and b ron ch io les  both contain  (3 -r e c e p to r s ,
salbutam ol (6 ) a c ts  on b ron ch io lar  (3 - r e c e p to r s ,  but has
l i t t l e  or no e f f e c t  on the (2 -r e c e p to r s  o f the h ea r t. T h is
has led  to the idea o f two p o ss ib le  typ es o f (3 -r e c e p to r , (3̂
and hence i f  salbutam ol has a g r e a te r  a f f in i t y  fo r  say
(3g -  rec ep to rs  and th ese  predominate in  b ron ch io lar  t i s s u e ,
but not in  card iac t i s s u e ,  t h i s  would ex p la in  the more
s e le c t iv e  a c t io n  o f salbutam ol on b ron ch io lar  smooth m uscle.
In a d d itio n  to  the s e le c t iv e  a c tio n  o f salbutam ol ( 6 ) ,  i t  i s
more s ta b le  in  the body than i s  iso p ren a lin e  (3)> l e s s  e a s i l y
removed from s i t e s  o f a c t io n , and has a lon ger duration  o f  
 ̂9* Ida ctio n  ' . The hydroxy group para su b s titu te d  w ith resp ect  
to  the s id e  chain i s  e s s e n t ia l  fo r  a c t iv i t y ,  as a lso  i s  the 
a lc o h o lic  hydroxymethyl hydrogen atom.
Of the c y c lis e d  catacholam ines, 1 ,2 ,3 ,4 -te tr a h y d r o -  
papaveroline (8 )  was shown^ to  be a m oderately potent (3 -r e c e p to r  
a g o n ist; but of some s ix ty  re la te d  l - b e n z y l - 1 ,2 ,3 ,4 - t e t r a -  
h yd ro iso q u in o lin es  t e s t e d ,  tr im etoq u in o l (? )  was by fa r  the  
most a c t iv e .  T his poses new problems in  an exp lan ation  o f  
s tr u c tu r e -a c t iv i ty  r e la t io n s h ip s  fo r  f? -r e c e p to r  a g o n is ts .
5.
( 8)
Recent T h eo r ies .
S evera l th e o r ie s  have been forwarded, n otab ly  those by 
Larzen e t  al,^^^*^ to ex p la in  (3 -a d ren erg ic  a c t io n s  and such  
o b serv a tio n s as:
(a ) The meta monophenolic analogue (9 ) o f iso p ren a lin e  (3 )  
i s  about f iv e  tim es as a c t iv e  as the para isomer (lO );  
and o rc ip ren a lin e  ( 4 ) ,  which con ta in s two meta p h en o lic  






(b) Soteronol (5 ) i s  much more potent than i t s  reversed  
isom er ( l l ) .





Such sim ple th e o r ie s ,  however, have g iven  way to  a more 
s a t is f a c t o r y  exp lan ation  o f (3 -a d ren erg ic  a c tio n ^ ’ 
which i s  concerned w ith  the long known fa c t  th a t (3 -a g o n is t ic  
catecholam ines enhance the ra te  o f form ation o f 3 ' , 5 ' - o y c l i c  
adenosine monophosphate ( c y c l i c  AMP) ( l 2 ) ,  from adenosine  
tr ip h osp h ate  (ATP) (13)> in the presence of the enzyme 
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(12) (13)
b lock in g  a g en ts , (termed (3 -b lo c k e r s , which are substances  
which adsorb stro n g ly  to the (3 -r e c e p to r  s i t e s  but have not
the fundamental fe a tu r e s  required to  a c t iv a te  them ). I t  has 
a lso  been found th a t c y c l ic  AMP produces pharm acological 
e f f e c t s  s im ila r  to  those o f  ^ -r e c e p to r  a g o n is ts , but which  
are not an tagon ised  by (3 -b lo c k e r s .  Thus i t  has been 
p ostu la ted  th a t a c t iv a t io n  o f adenyl c y c la se  i s  the prime 
fu n ctio n  o f (3 -r e c e p to r  a g o n is ts .
The f i r s t  d e ta ile d  m olecular exp lan ation  o f a g o n is t ic
2 12aa c t iv i t y  has stemmed from t h i s .  B e llea u  * considered  
th a t (3 -r e c e p to r  a g o n is ts  rea c t d ir e c t ly  a t the a c t iv e  cen tre  
o f the enzyme. He suggested  th at ATP was a part o f the 
ad renergic recep to r  and proposed a mechanism th a t in v o lv e s  
in te r a c t io n  o f the catecholam ine w ith  magnesium and ATP to  
c a ta ly se  the conversion  in to  c y c l ic  AMP, by adenyl c y c la s e .
The form ation o f  c y c l ic  AMP would in volve a tta ck  by the 3-hydroxy  
group o f the r ib o se  m oiety on the innermost phosphorus atom o f  




I t  i s  suggested  th a t (3 -r e c e p to r  a g o n is ts  c a ta ly se  t h i s
r ea c tio n  because th e ir  c a t io n ic  head n e u tr a l is e s  the n eg a tiv e
charge on the inner phosphate anion, thus in crea sin g  the
e le c t r o p h i l ic  character of the phosphorus atom i e .  the ra te
of n u c le o p h il ic  d isp lacem ent o f the 3 -hydroxy group of the
r ib o se  m oiety , i s  enhanced. The a b so lu te  requirement fo r
(3 -r e c e p to r  agonisra i s  th en , a ca tio n  c o r r e c t ly  a lign ed  w ith
the appropriate phosphate group in ATP and the ro le  o f the
other fu n c tio n a l groups in  (3 -r e c e p to r  a g o n is ts  i s  to  in crea se
the lik e lih o o d  o f t h is  ev en t. The ca tech o l fu n ction  f a c i l i t a t e s
t h is  alignm ent by ch e la tio n  w ith  the d iv a le n t  magnesium ion
bound to  phosphate groups in  ATP, and the non-polar N -su b s t itu e n t ,
by bonding w ith  the adenine m oiety . C ertain refinem en ts to
t h is  model have been advanced by B elleau  and are summarised in
F ig . 2 . T h is rep resen ta tio n  seeks to  d escr ib e  the observed
s tr u c tu r e -a c t iv i ty  r e la t io n s h ip s  fo r  most o f the (3 -r e c e p to r  
2











ATP Receptor (catalytic site)
9.
I t  was r e a l is e d  by B r it ta in  e t  a l  th a t trim etoq u in o l (? )  







su b s titu e n t  corresponding to  the (3 -hydroxy group. However,
as the in d isp e n s ib le  fea tu re  fo r  ^ -r e c e p to r  a g o n ist a c t iv i t y
i s  a strong secondary b a se , and i f  the fu n ctio n  o f the
remainder o f the m olecule i s  to  e f f e c t  o p tio n a l o r ie n ta tio n
2
of the recep to r  complex th en , they suggest , the more r ig id ly  
held b a s ic  group o f the iso q u in o lin e  no lon ger req u ires  o th er  
p o in ts  o f attachm ent.
Iwasawa and Kujomoto suggested  th a t the trim ethoxybenzyl 
group binds to  the (3 -r e c e p to r  in such a way as to  f u l f i l  
the r o le  o f the {3 -hydroxy group. They went on to  show 
th a t ,  as in  iso p r e n a lin e , on ly  the lærvorotcay enantiom er i s  
b io lo g ic a l ly  a c t iv e .
2I t  was suggested  th a t such hypotheses as th ose  o f  
B ellea u , as w e ll as r a t io n a l is in g  s tr u c tu r e -a c t iv i ty  r e la t io n s h ip s ,  
can be used as a b a s is  fo r  the d esign  o f new, and p o ss ib ly  more 
e f f e c t iv e  p  -r e c e p to r  a g o n is ts .
10.
2 . C onclusion and aim.
In the work d escrib ed  in  t h is  chapter, a t te n t io n  i s  
focused upon the ad renergic (3 -r e c e p to r  a g o n ist tr im etoq u in o l (? )  







iso p ren a lin e  (3 ) in  v iv o , and a l e s s  marked e f f e c t  on the  
card io v a scu la r  system . The a c t iv i t y  o f  trim etoq u in o l has 
been dem onstrated in  man, but has a very short duration  of  
a c t io n , probably due to  i t  being a su b stra te  fo r  c a te c h o l-o -  
methyl tr a n sfe r a se  (COMT),^^ s o  i t  i s  ra p id ly  m etabolised  to  
an in a c t iv e  m olecu le . Replacement o f one o f the phenolic  
groups o f iso p ren a lin e  (3 )  by a hydroxymethyl group and a 
change of N-Pr to  N-Bu g iv e s  salbutam ol (6 ) which has an
11.
improved p r o f i le  of a c t iv i t y  and which i s  s ta b le  to  COMT̂ ’̂^. 
I t  was decided  th ere fo re  to  prepare the corresponding  
hydroxymethyl d e r iv a tiv e  ( I 4 ) .  On the b a s is  o f the stru ctu re-  









th a t on ly  one o f the d e r iv a t iv e s  ( I 4 ) and ( l5 )  would p o ssess  
the d es ired  a c t iv i t y ,  and th a t t h is  compound should be ( I 4 ) 
having a para-hydroxyphenyl e th y lamine part s tr u c tu r e . At 
the o u tse t  of t h i s  work the isomer ( 15) had been syn thesised^ ^  
and shown to  p o ssess  l i t t l e  a c t iv i t y  so the su b jec t o f 
Chapter 1 o f t h is  t h e s is  th ere fo re  i s  the sy n th e s is  o f  
6-hydroxym ethyl-7-hydroxy-l-(3;4 ,5-trim ethoxybenzyl)-l,2 ,3 ,4 -  
te tra h y d ro iso q u in o lin e  ( I 4 ) .
12.
3» S y n th etic  methods a v a ila b le  fo r  Isoq u in o lin e  s y n th e s is .
The m ajority  o f the standard procedures fo r  sy n th e s is in g  
the iso q u in o lin e  r in g  system  depend on a c id -c a ta ly se d  
c y c l is a t io n  o f an arom atic r in g  onto a carhonium ion^^^*^'°. 
These r e a c t io n s  are f a c i l i t a t e d  by e le c tr o n  donating groups in  
the arom atic nucleus ortho and para to  the point o f  c y c l is a t io n ,
B isc h le r -N a p ie r a lsk i R eaction^^^*
T his i s  one o f the most popular methods and in v o lv e s  the  
cyclodehydration  o f (3 -phenethylam ides o f the type ( l6 )  to  
3 ,4 -d ih y d r o iso q u in o lin e s  ( l? )»  Reagents such as phosphorus 






or anhydrous z in c  ch lo r id e  are commonly employed in  t h is  r e a c t io n .  
When the p o s it io n  para to  the e le c tr o n  r e le a s in g  group i s  
a v a ila b le ,  r in g  c lo su re  in v a r ia b ly  occurs at th a t p o s it io n .  
However, i f  t h i s  s i t e  i s  blocked the ortho p o s it io n  may be 
attacked^^.
13.
,14aI t  has heen found th a t the y ie ld  o f ( l8 )  when R=R =H,
I
i s  on ly  a sm all fr a c t io n  o f th a t obtained when RR =0CH20. I t  
has been dem onstrated th a t the presence o f an e le c tr o n
( 18)
a t tr a c t in g  group in the arom atic ring  does not prevent the 
r e a c tio n , a lto g e th e r .
Pictet-G am s R eaction 14a
T his i s  an important v a r ia tio n  of the B isc h le r -N a p ie r a lsk i 
r ea c tio n  and in v o lv e s  form ation of the arom atic iso q u in o lin e  
d ir e c t ly  from a (3-hydroxy or (3-m ethoxy-(3-phenylethylam ide ( 19) 




dehydration  or removal o f methanol p rior to c y c l is a t io n  as in  the  
B isch ler-N ap iera lsk i reaction*
14.
P ic te t-S p e n g le r  R eaction^^,
This method, in  i t s  s in ^ le s t  form, in v o lv e s  th e  condensation  
o f  a (3 -a r y l e th y l ami ne with a carbonyl compound under a c id  
c o n d it io n s , to  g iv e  a 1 -s u b s t itu te d  1 ,2 ,3 > 4 -te tra h y d r o iso q u in o lin e . 











d en s ity  a t  the p o s it io n  o f r in g  c lo su r e  as i s  found in  the two 
previous r e a c t io n s . Experim ental r e s u lt s  support t h i s ,  in  
th a t the absence o f  such a c t iv a t io n  r e s u lt s  in  e ith e r  l i t t l e  
or no y ie ld  o f  th e  requ ired  product.
Although a c id ic  co n d itio n s  are norm ally employed in  the  
P ic te t-S p e n g le r  r e a c t io n , phosphorus pentoxide in  p y r id in e
18has been s u c c e s s fu l ly  used by Kametani . He a ls o  found th a t  
no c a ta ly s t  a t  a l l  was requ ired  in  one system  which p o ssessed  a
15.
p h en o lic  group para to  the p o s it io n  of r in g  c lo su r e . T his
supports an e a r l ie r  dem onstration th a t r ing  c lo su re  on such
19a c tiv a te d  system s w i l l  occur under p h y s io lo g ic a l c o n d itio n s  . 
Pomeranz-FriiàchReaction^^^
T his in v o lv e s  the a c id -c a ta ly se d  c y c l is a t io n  o f h en za l-  
am inoaceta ls (20) and r e s u lt s  in  the form ation o f the arom atic  
iso q u in o lin e  n u cleu s ( 2 l ) .  The most common reagen ts used are
(Q %
( 20) ( 21)
concentrated  su lphuric a c id , or su lphuric acid  mixed w ith  other  
acid  r e a g e n ts . Y ie ld s  o f c y c lis e d  product are v a r ia b le ,  
being g e n e r a lly  low, e s p e c ia l ly  in d ea ctiv a ted  system s and 
h ig h ly  dependent upon acid  con cen tra tio n . M eta-alkoxy and 
meta-hydroxy d e r iv a t iv e s ,  which p o ssess  a para p o s it io n
a c c e s s ib le  to  the a tta ck in g  carbonium ion , rea c t under r e la t iv e ly
20mild c o n d itio n s  whereas compounds w ith a nu cleu s o f low a c t iv i t y  
such as n itro b en za la m in o a ceta ld eh y d ed ia lk y la ce ta ls  f a i l  to  r e a c t  
a t a ll^ ^ ^ .
The Pom eranz-Fritschreaction d i f f e r s  from the methods so 
fa r  d iscu ssed  in  th a t r in g  c lo su re  ortho to  the arom atic
l6 .
a c t iv a t in g  group has been reported  to take p lace in a d d itio n
to  the expected  para r in g  c lo su r e . As in  the example c ite d  





22by Mathison however, f a i l s  to  corroborate t h i s  f in d in g .
Of the o ther a c id ic  reagents^^^*^ used in  the Pom eranz-Fritsch
24r e a c t io n , polyphosphoric acid  has probably enjoyed the most 
su c c e ss , a lthough in  the main, y ie ld s  have been l e s s  than 
In an ex ce p tio n a l example^^ a 98^ y ie ld  o f (2 3 , R=CH )̂ was 










i l lu s t r a t e d  when none o f the p h en olic  iso q u in o lin e  (23»R=H) 
was is o la te d  from the r ea c tio n  o f (2 2 , R=H) under the same 
c o n d itio n s  o f c y c l i s a t io n .
An attem pted m o d ifica tio n  of t h is  r ea c tio n  involved  the  
c y c l is a t io n  of a henzylbenzalam inoaceta l of the type (2 4 ) ,  but 











in  the Pom eranz-Fritschreaction, however, i s  the a c id -c a ta ly se d  
h y d r o ly s is  of the S c h if f s '  base to  the s ta r t in g  aldehyde and 
amine•
27B obbitt R eaction
A v a lu a b le  m o d ifica tio n  o f the Pomeranz-Fritech rea c tio n  by
B obbitt e t  a l  overcame t h i s  problem by carrying out the
c y c l is a t io n  procedure on the reduced am inoaceta ls such as ( 26) •
Although a t lower tem peratures the 4 -h y d r o x y - l,2 ,3 ,4 -te tr a h y d r o -
29iso q u in o lin e  (27 ) can be is o la t e d ,  B obbitt showed th a t c a t a ly t ic
28









1#2 ,3 > 4 -te tra h y d ro iso q u in o lin es^ ^ , An oxygen fu n ctio n  in  the  
meta p o s it io n  o f  th e  arom atic r in g  o f th e  a c e ta l ( 26) i s  
n ecessary  fo r  c y c l i s a t io n ,  and y ie ld s  based on v a n i l l in ,  
i s o v a n i l l in  and o r th o v a n ill in  are 71^ , 67^ and r e s p e c t iv e ly .  
The f u l l y  arom atic is o q u in o lin e s  may be formed by c a t a ly t ic  
dehydrogenation o f  the te tra h y d ro iso q u in o lin e s  or , p re fera b ly  
by treatm ent o f th e 4 -h y d r o x y - l,2 ,3 ,4 ,- te tr a h y d r o is o q u in o lin e  (2 ? )  
c o n se c u t iv e ly  with N-bromosuccinimide and m ineral acid^^,
A l im ita t io n  o f  the B ob b itt m o d ifica tio n  in v o lv e s  the  
a c id -c a ta ly se d  c y c l i s a t io n  o f  benzylbenzylam inoaceta l o f the  
type ( 28) .  However, th e r e  i s  a high p r o a b il i t y  th a t double
I p





Such behaviour has been e x p lo ite d  in th ese  la b o r a to r ie s  
in the preparation  of n a tu r a lly  occurring isopavines^^^'^  
and i s  the su b jec t o f the work described  in Chapter 2 of t h is  
t h e s i s .  A n  in term ediate in t h is  double c y c l is a t io n  i s  the  
1 ,2 -d ih y d ro iso q u in o lin e  (30) which, under acid  co n d itio n s can 
rearrange to  the 3 -b en zy l-3 ,4 -d ih y d ro iso q u in o lin iu m  s a lt  ( 3 l )




A fu rth er  m o d ifica tio n  of the Pom eranz-Fritschreaction has
35been d escrib ed  by Jackson and Stewart , whereby c y c l is a t io n  
of the N -to sy l a c e ta l (32 ) w ith  acid  has afforded  the s ta b le  
N -to sy l-1 ,2 -d ih y d r o iso q u in o lin e  (33) which on treatm ent w ith  
base g iv e s  the arom atic iso q u in o lin e  (34) in  good y ie ld .  At 













in v e s t ig a te d  but the sulphonyl grouping appears to  s t a b i l i s e  
the 1 , 2-d ih y d ro iso q u in o lin e  s ig n i f ic a n t ly .
A fu r th er  c y c l is a t io n  o f a c e ta ls  of the type ( 26) has been 
ach ieved  by Vinot and Q uelet^^^’  ̂ who dem onstrated th a t w ith
21.
boron t r i f l u o r id e  the rea c t io n  proceeds to  a 4 -a lk o x y - l ,2 ,3 > 4 -  
te tra h y d ro iso q u in o lin e  (35)» subsequent treatment of which w ith  
palladium on carbon g iv e s  the aromatic i s o q u in o l in e .  The 
proposed mechanism of c y c l i s a t io n ,  Scheme 2, su ggests  l e s s  
need fo r  r ing  a c t iv a t io n  than in the previous examples c i t e d .  
















B FÿO R  +  H #  BF3 :H 0 R #  BFg +  ROM
22.
"benzene r in g  i s  oxygenated, owing to  the  form ation o f  a 
complex with boron t r i f l u o r i d e .  In a d d it io n ,  poor r e s u l t s  
have been obtained when th e e le c tr o n  r e le a s in g  su b s t i tu e n t  
in  the aromatic r in g  i s  not meta to  the p o in t  o f  r in g  c lo su r e .
R e is s e r t  Reaction^^^’^
Of th e  methods so  fa r  d iscu sse d  some can provide a 1 -b en zy l  
i s o q u in o l in e  d e r iv a t iv e  d i r e c t l y ,  but o th e r s ,  notab ly  the 
Pomeranz-Fritsdireaotion and i t s  m od if ica tion s  cannot. The 
most s u i t a b le  method f o r  the in tro d u ct io n  o f  a su b s t i tu e n t  at  
o f  a preformed i s o q u in o l in e  nucleus might be the R e is s e r t  
r e a c t io n .  This in v o lv e s  th e  formation o f  an N -a c y l -1 ,2 -  
d ih y d r o iso q u in a ld o n itr i le  or " R eisser t  compound" o f  the type  
( 36) by r e a c t io n  o f  an aromatic is o q u in o l in e  w ith  potassium  
cyanide and benzoyl ch lo r id e  in  dichioromethane and water.
COPh
(36)
Removal o f  th e  hydrogen a t  as a proton with sodium 
hydride in  dimethylformamide^^, aqueous sodium hydroxide^^, 
or p h e n y l l i t h iu m ^ , g iv e s  an anion  which w i l l  r e a c t  with a 
wide range o f  compounds bearing an a c t iv e  halogen atom. For 
example r e a c t io n  w ith  a benzyl h a lid e  g iv e s  an " a lk y la ted
23.
R e is s e r t  compound" such as (37) which on treatm ent w ith  base  
y i e l d s  the 1-benzyl is o q u in o lin e  ( 38)^^^.





With th ese  methods a v a i la b le  i t  i s  in order to  review  







(U ) R - C H 2 O H ,  R-| = HO R = COOMe , R ‘|=O H  (40)
(15) R = 0 H  , Ri = C H 2 0 H R = OH , R] = COOMe (39)
24.
Whereas isomer ( l 5 )  was prepared^^ by the B is c h le r -  
N a p iera lsk i  type of c y c l i s a t io n  of the amide (3 9 ) ,  the  
appropriate precursor ( 4 0 ) to  the required isomer ( I 4 ) does  
not contain  the r e q u is i t e  e le c tr o n  donating su b s t itu e n t  para 
to  the p o s i t io n  o f  r ing  c lo su r e .  For t h i s  same reason the  
P ic te t -S p e n g le r  and Pictet-Gams m o d if ic a t io n s  are u n su ita b le .
In view of the problems inherent w ith  c y c l i s a t io n  of  
benzylbenzylam inoaceta ls  and benzylbenzalam inoaceta ls  i t  was 
decided th a t  the aromatic iso q u in o lin e  r ing system, u n substitu ted  
at should be prepared and elaborated v ia  the R e is se r t  r e a c t io n .
I t  was considered th a t  the most s t r a ig h t  forward sy n th e s is  
of ( 14) would require as s ta r t in g  m a te r ia l ,  an aldehyde of the 
type ( 4 1 ) in which the grouping X i s  s ta b le  to  a l l  o f  the sy n th e t ic  
s te p s  of the proposed sequence and y e t  r e a d i ly  con verted ,a t  an 
appropriate s t a g e , in to  a hydroxymethyl fu n c t io n .  The 
commercially a v a i la b le  m eta cre so t in ic  acid  (42) appeared to be 
a su i ta b le  precursor and Scheme 3 summarises the rea c t io n  sequence 
envisaged a t  the o u tse t  o f  t h i s  work.
In view of the unpredictable  nature of the Pomeranz-Fritsch  
r e a c t io n  i t  was decided, at t h i s  s ta g e ,  not to  attempt to  
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the V in o t-^ u e le t  method was r e je c te d  in  favour of the Bobbitt  
m o d if ic a t io n  which had been employed s u c c e s s f u l ly  in th ese  
la b o r a to r ie s .  I t  was hoped th a t  the N -to sy l  method due to  
Jackson could be used to  extend the scope of t h i s  m od if ica tion .
27.
DISCUSSION
1. S y n th esis  o f  s a l ig e n in  ( I 4I
M etacresoi.tin ic  ac id  (4 2 )  was converted in  good y i e l d  to  
i t s  e s t e r  a c e ta te  (44) by standard procedures. Oxidation o f  the  




A c O v ^ ^ M e
(42) (44)
I p
T h ie le  which in v o lv e s  treatm ent o f  (44 )  with a s o lu t io n  of  
chromium t r io x id e  in  g l a c i a l  a c e t i c  a c id ,  a c e t i c  anhydride and 
concentrated  su lphuric  a c id  to a ffo rd  the aldehyde t r i a c e t a t e  ( 4 5 ) .  
T his shows a hydrogen s i n g l e t  in  i t s  NMR spectrum a t  J »68 <S 
a ssign ed  to  the methine proton. Optimum y i e l d s  were obtained  
by m aintaining th e  r e a c t io n  temperature between -10® and - 15®» 
whereby l e s s  than 5^ o f  the  a c id  ( 4 6 ) was i s o la t e d  compared with
o f  ( 45) .
AcqI < ^ C H ( 0 A c)2
M e O O C f^ ^  
A c O ^ ^ C O O H
(45) (46)
28.
The H yd ro lysis  o f  (4 5 )  to  the aldehyde monoacetate (47)  
was accomplished, in  75^ y i e ld ,  w ith  a mixture o f  a c e t i c  ac id  
and hydrochloric  a c id .  Subsequent condensation o f  (4 7 )  with  
am inoacetaldehydedim ethylacetal gave on ly  70^ conversion  to  
th e  S c h if fs*  base ( 4 8 ) ,  under co n d it io n s  o f  heating  under 
r e f lu x  in  benzene. In an a l t e r n a t iv e  approach h yd ro lys is  o f
MeO OMe
M e O O C [< ^  M eO O C r-ï^  \
R O U ^ C H O  R O ^ / A ^ N
(47) (48)
R = C O C H 3
th e  t r ia c e t a t e  (4 5 )  w ith methanolic su lphuric a c id  afforded  a 
good y i e l d  o f  th e  phenolic  aldehyde (49 )  which was converted  
smoothly, in  90^ y i e l d ,  to  the S ch if fs*  base ( 50) .  This
MeO OMe




compound c r y s t a l l i s e d  from petroleum eth er  and showed a 
c h a r a c t e r i s t i c  C=N absorption  a t  l650cm  ̂ in i t s  in frared  ( l . R . )  
spectrum, and a hydrogen bonded e s t e r  fun ction  absorbing at  
l 680cm
P a r a l l e l  to  t h i s  work a more e f f i c i e n t  method was
in v e s t ig a te d  fo r  o x id a tion  o f  the t o l y l  fu n ction  of ( 4 4 ) «
Following the work of Trehanovsky and Young^^, who used e e r ie
ammonium n i t r a t e  ( C.A.N) in 50^ aqueous a c e t i c  acid to  convert
p-xylene in to  p -to ly la ld eh y d e  in 73^ y i e l d ,  compound (44) was
subjected  to  the same c o n d it io n s .  The product was shown by
th in  la y e r  chromatography (T .L .C .)  to be a mixture of two
components, n e ith e r  of which exh ib ited  an a ldehydic carbonyl
absorption in the l .R .  spectrum. Separation of the mixture
by preparative  layer  chromatography (P .L .C .)  afforded two
c r y s t a l l in e  s o l i d s ,  the l .R .  sp ectra  of each e x h ib it in g  strong
-1
bands in the 1550 and 1350cm reg io n s .  The N.M.R. sp ec tra  of  
both compounds showed the presence of the t o l y l  fu n c t io n ,  the 
methyl e s t e r  group and a phenolic  hydroxy group. In ad d it ion  
to t h i s ,  one contained one aromatic proton (8 .6 3  4*) and the  
other contained two ( 8 .6 4 4  , 6 .92  4 ) .  On the b a s i s  of t h i s  
evidence s tr u c tu r e s  ( 5 l )  and ( 52) were assigned  to the two 
products which were shown by mass spectrometry (M.S,) to  p ossess  
m olecular w eigh ts  of 256 and 211 r e s p e c t iv e ly  .
30.




N i t r i c  acid  l ib e r a te d  in the rea c t io n  presumably e f f e c t s
the observed n i t r a t io n ,  but no p a r a l le l  r ea c t io n  could be
traced in the l i t e r a t u r e ,  although e e r ie  ion ox id a tion s  are 
44w e ll  reviewed . Since no ox id ation  to the required aldehyde 
was observed t h i s  in v e s t ig a t io n  was abandoned in favour of the  
T h ie le  method.
I t  was found that the S c h if f s '  base (50) could be converted  
e i th e r  by c a t a l y t i c  or chemical reduction  using sodium borohydride 
in to  the benzylam inoacetal (53)* However, t h i s  compound r e s i s t e d  
c y c l i s a t io n  under a v a r ie ty  of c o n d it io n s .  The 4-bydroxy
31.
d e r iv a t iv e  (54) could not be d e tec ted ,  and treatment o f  the  
gummy rea c t io n  products with N-bromosuccinimide, fo llow ed  by 
mineral acid  afforded no trace  of the aromatic iso q u in o lin e  (5 5 ) .
MeO OMe  
M e O O C j ^ ^  ^
H 0  H
M e O O C
(5 3 ) ( 5 4 )
MeOOC
(5 5 )
29A technique, f i r s t  reported by Bobbitt e t  a l  and
adapted in th ese  la b o r a to r ie s  fo r  the s y n th e s is  o f  4 -b en zy l-
45iso q u in o lin e  compounds , in v o lv e s  the a c id -c a ta ly se d  c y c l i s a t io n  
of an a c e ta l  in the presence of an aromatic aldehyde. The 
r ea c t io n  takes place v ia  an unstable 1 , 2 -d ih yd ro isoq u in o lin e  
intermediate^^ as shown in Scheme 4 . In order to  e s t a b l i s h  
whether c y c l i s a t io n  of the a c e ta l  (53) was taking p lace ,  acid  












S c h e m e  4
but on ly  a small quantity  of the e x o c y c l ic  s a l t  ( 56) was
< : ^ O M e




i s o la t e d  and t h i s  from rea c t io n  w ith  seven normal methanolic  
hydroch loric  acid heated under r e f lu x  fo r  two hours. This  
was taken as an in d ic a t io n  th a t  c y c l i s a t io n  would require  
a c id ic  c o n d it io n s  too v igorous  fo r  the s t a b i l i t y  of a
1 , 2 -d ih yd ro isoq u in o lin e  in term ed ia te . Even h yd rogenolysis  of  
an acid s o lu t io n  of the a c e ta l  gave none of  the required  
te tra h y d ro iso q u in o lin e  (5?) when carried  out at a range o f  
temperatures up to 90° ,
M cO O C i
(5 7 )
N-sulphonyl Route.
I t  was considered th a t  c y c l i s a t io n  o f  the N - to s y la c e ta l  (58)  
might a fford  a 1 , 2 -d ih yd ro isoq u in o lin e  d e r iv a t iv e  that i s  s ta b le  
to the acid  con d it ion s  required fo r  i t s  form ation. R eaction  
of the a c e ta l  (53) w ith p -to luenesu lphonyl ch lor id e  in pyridine  
gave ( 58); which showed strong absorptions in i t s  l .R .  spectrum
MeO OMe
M e O O C |< ^ = ^  ^  M eO O C
H O S./'‘'v^TOSYL HOk:;;>*\^TOSYL
( 5 8 )  (5 9 )
34.
at 1345 and ll68cm  ̂ expected fo r  the t o s y l  group. When ( 58) 
was subjected  to  prolonged acid  treatment the d es ired  r ing  
c losed  compound (59) was obtained , which showed in i t s  N.M.R. 
spectrum two aromatic s i n g l e t  ab sorptions and an AB pattern  
in the o l e f i n i c  reg ion .  A high r e s o lu t io n  mass measurement 
of the m olecular ion confirmed the m olecular formula to  be 
C^gH^^NO^S. Y ie ld s  o f  the c y c l i s e d  m ater ia l were v a r ia b le  
but g e n e r a l ly  between 50^ and 70^.
An in v e s t ig a t io n  of the mother l iq u o r s  afforded  no 
evidence fo r  any r ing c lo su re  ortho to  the p henolic  grouping  
to g ive  ( 60) .
OH 
M eO O C  
NT05YL
M eO O C
(6 0 )  (61)
Once formed, however, the N -to sy l  compound (59) r e s i s t e d
a l l  attem pts to  convert i t  in to  the aromatic iso q u in o lin e  ( 61)
35The reported technique, which in v o lv e s  potassium t-b u to x id e  in  
t -b u ta n o l returned unchanged s ta r t in g  m a ter ia l  as indeed did 
most o f  the methods used ( s e e  experim ental s e c t io n  page 76 ) .
35.
I t  was hoped th a t  a m od if ica tio n  of the sulphonyl m oiety  
might f a c i l i t a t e  arom atisa t ion . However, the methanesulphonyl 
analogue of ( 58) could not be formed, and although c y c l i s a t io n  
of the benzene sulphonyl compound afforded the required
1 ,2-d ihydro  d e r iv a t iv e  ( 62) ,  t h i s  proved to  be as s ta b le  to  
base as the N -to sy l  analogue ( 5 9 ) .  Some d i f f i c u l t i e s  were
NSO^Ph
(6 2 )
encountered due to  the i n s o l u b i l i t y  of the phenate s a l t s  o f  
( 5 9 ) and ( 62) ,  but a l l  attem pts to pro tect  the phenolic  
fun ction  were u n su cc ess fu l .
I t  was reasoned that acid  h y d ro ly s is  could be employed to  
remove the sulphonyl grouping, but that t h i s  would of n e c e s s i t y  
produce an unstable 1 , 2 -d ih y d r o iso q u in o lin e . In an attempt 
to  e l im in a te  t h i s  p o s s i b i l i t y  hydrogenation of (59) in a c e t i c  
acid  at 60° over palladium on carbon was t r i e d ,  but t h i s  only  
afforded a poor y ie ld  of the reduced d e r iv a t iv e  ( 63) which 
could not be obtained a n a ly t i c a l ly  pure. Reaction of ( 63) ,
36.




a t t r a c t i v e  sulphonyl route  was abandoned.
Attempted c y c l i s a t i o n  with Boron T r i f lu o r id e .
P a r a l le l  to  t h i s  work some attempts a t  th e  V inot type  
o f  c y c l i s a t i o n  were ca rr ied  out, but the a c e t a l  (5 3 )  in  







the mass spectrum (M .S .)  o f  which in d ica te d  the presence of  the  
4 -m e th o x y - l ,2 ,3 ,4 - te tr a h y d r o iso q u in o l in e  ( 64) .  T his  m ateria l  
r e s i s t e d  attem pts a t  p u r i f i c a t io n  so no fu r th er  e f f o r t  was
37.
concentrated on t h i s  ro u te .
At t h i s  stage a p iece  of sp e c u la t iv e  chemistry was
.33aundertaken fo llo w in g  demonstration in th ese  la b o ra to r ie s '  
that the S c h i f f s ’ base ( 65) would form a R e is s e r t  compound ( 66) .  
The a c t io n  o f  mineral ac id  on R e is s e r t  compounds i s  known to





produce benzaldehyde and iso q u in a ld ic  acid  d er iv a tiv es^ ^ , so i t  
was considered that acid  treatment of (66) might, by c y c l i s a t io n  
and h y d r o ly s is ,  a fford  a compound of the type ( 67) .  However, 
the r e s u l t s  were d isa p p o in t in g  and although there was some
O'
(6 7 )
( a ) R = OH
(b ) R= NH^
(c ) R = OMe
38
sp ec tro sco p ic  evidence fo r  the formation of (67b) and (67c) 
separation  and p u r i f ic a t io n  proved im p oss ib le .
I t  was fu r th er  reasoned th a t  a model ’’sulphonyl R e is s e r t  
compound”^  ̂ (68) might be formed by the rea c t io n  of the S c h i f f s ’ 





From t h i s  i t  was hoped to  obtain  an iso q u in a ld ic  acid  d e r iv a t iv e  
such as ( 67) .  However, (68) could not be prepared and the  
only product i s o la t e d  from the react ion  was a white c r y s t a l l in e  
s o l id  m.p. 189~9° which analysed for  ^]_2^10^2^4* the two
p o ss ib le  isom eric s t r u c tu r e s ,  the disulphone ( 69) m elting  point
(6 9 )  (70 )
196°^^ and 193°^^ and the anhydride ( 70) m elting  point 93-5°^^> 
the former seems the more l i k e l y .  Further evidence for  t h i s  
s tru ctu re  i s  provided by the l .R .  and N.M.R. s p e c tr a l  data which
39.
of two components, which were subsequently separated by P.L.C. 
in to  two c r y s t a l l in e  s o l id s  and assigned the s tr u c tu r e s  ( 6 l )  
and ( 71) .  Compound ( 7I) i s  the product from r ing  c lo su re  
ortho to  the phenolic group. The N.M.R. spectrum of each of  
the is o q u in o l in e s  possessed  a peak at 6 a t t r ib u ta b le  to  
C^-H, and an AB s p l i t t i n g  pattern  fo r  the C^H, Ĉ H system . In 
a d d it io n  to  the e s t e r  methyl absorption at 4«0cf and the deuterable  
phenolic  group, compound ( 61) possessed two aromatic s in g l e t  
ab sorptions  at 8 ,3 4 4  and 7 «344 > whereas ( 71) showed an AB pattern  
centred at  7*774 and 7*28 4 a t tr ib u ta b le  to  Ĉ H and CgH. The 
required isomer ( 61) was predominant over ( 71) by a 3 r a t i o .
U.V. sp ec tra  of various  standard m ixtures of the two iso q u in o l in e s  
gave a rapid means of m onitoring the isomer r a t io  and t h i s  was 
used to  examine the products from a range o f  su lphuric acid  
ca ta ly sed  c y c l i s a t io n s  ( s e e  experim ental s e c t io n ,  page79 ) .
The main problem, even a t  high acid  co n cen tra tion s ,  seemed to  be 
caused by h y d r o ly s is  of the S c h if f s '  base to  the aldehyde, and in 
order to  overcome t h i s ,  polyphosphoric acid  was used as the  
c y c l i s a t io n  reagent,  w ith  much more s u c c e ss .  When the rea c t io n  
temperature was maintained between 70° and 100°, 24^ of ( 61) 
and 70^ o f ( 71) were ach ieved . Although r e a c t io n  at lower  
temperature afforded p ro p o rt io n a lly  more of the d es ired  isomer
( 61) ,  the o v e r a l l  y ie ld  o f  bases  was low.
Other reagents  were used in  a search fo r  a more favourable  
product r a t io  as w e ll  as good conversion and are summarised in  
the experim ental s e c t io n ,  page 79 .
40.
I t  has been proposed^^^ th at polyphosphoric acid f a c i l i t a t e s  
c y c l i s a t io n  as shown in Scheme 5> although in most examples
H
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c i te d  y i e ld s  have been considerab ly  l e s s  than the conversion  
obtained in t h i s  example. The proportion of ortho r ing  
c lo su re  observed i s  a lso  anomalous.
Appropriate seeding o f  a so lu t io n  con ta in in g  a mixture of  
iso q u in o l in e s  afforded ( 6 l )  and ( 7 l )  in a pure s ta t e  and in 
t h i s  way the planned sy n th e s is  was continued with a view to  





R e is se r t  r e a c t io n »
The is o q u in o l in e s  ( 6 l )  and ( 71) were converted in to  t h e ir  
corresponding N -h e n z o y l- l ,2 -d ih y d r o is o q u in a ld o n i tr i le s  (73) and 
( 74 ) by treatment w ith  potassium cyanide and benzoyl ch lo r id e  in  
dichloromethane and w ater. I t  i s  somewhat su rp r is in g  th a t  the
o-b en zoates  were formed in view of the e a r l i e r  u n su ccessfu l
MeOOC






attem pts to  p rotect  the ph en olic  function  (se e  page 83 ) .
The R e is s e r t  compounds (73) a.nd (74) formed in l e s s  than \Qffo 
y i e l d s  under normal rea c t io n  t im es ,  and the b est  y i e ld s  that
42.
could be obtained were 20- 25^ a f t e r  twenty four hours r e a c t io n .  
Each of th ese  compounds, in i t s  E.M.R. spectrum e x h ib i t s  a 
one proton s in g le t  absorption ( 7 . 1 J )  a t tr ib u ta b le  to  the  
C^-H. The ai*omatic ab sorp tion s ,  in  both sp ec tra ,  correspond  
to  tw elve protons separate from the AB p attern  observed fo r  
the o l e f i n i c  protons. In the spectrum of (74) the aromatic 
pattern  i s  d iscern a b le  whereas two, one proton s i n g l e t s  are 
ev ident in  the spectrum of isomer (73)»
The main products from th ese  r e a c t io n s  however were 
non-phenollc  b ases  which possessed  u .v .  sp ec tra  t y p ic a l  of the  
aromatic iso q u in o lin e  s tr u c tu r e .  Carbonyl absorption s were 
present in the I .E .  sp ectra  a t  1740 and 1730cm  ̂ and both  
compounds were shown to  have the c o n s t i tu t io n  G^gH^^NO .̂ On 
the b a s i s  o f  t h i s  evidence the benzoate s tr u c tu r e s  (75) and ( 7 6 ) 







gave 7 -h y d ro x y -6 - iso q u in o lin e  carboxylic  acid  ( 7 7 ) .
H o W
(77)
A va ilab le  l i t e r a t u r e  su g g ests  th at the use of the w ater-  
dichioromethane system^^^'^ i s  the preferred method fo r  
R e is se r t  compound form ation, and although some have been 
reported to  form in w ater, t h i s  technique afforded (73) and (74)  








ph enolic  group of the i s o q u in o l in e s ,  as benzyl e th e r s ,  w ith  a 
view to improving the conversion , a l l  r e s u lte d  in f a i lu r e  ( s e e  
experim ental s e c t io n  page 83 ) .
44.
A lk y la t io n  of the R e is se r t  compounds (73) and ( 7 4 ) .
A lk y la t io n  of (73) w ith  3>4>5-trimethoxyhenzyl ch lo r id e  
was e f f e c t e d  w ith  sodium hydride and dimethylformamide . The 
product, however, appeared by I .R .  and M.S. to  be a mixture  
of  the phenolic  compound (75a) and the benzoate (7 5 b ) .  A ddition  
of an e x tra  eq u iva len t  o f  base to  the r e a c t io n  and prolonged
MeOOC
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(7 5 )a  R = H  
b R=COPh  
c R=CH„C_H.(OMe)^  
4 b Z 3
(76)
rea c t io n  time enabled the phenolic  compound to  be i s o la t e d  in  
good y i e l d .  A trace  amount of the 3 ,4 ,5 -tr im eth o x y b en zy l  
e th er  (75c)  was d e tec ted  by M .S., but was e a s i l y  removed on 
r e c r y s t a l l i s a t i o n .  In an e x a c t ly  analogous manner isomer ( 7 6 ) 
was obtained in  h igh  y i e l d .  Each of the I .R .  sp ectra  o f  (75a)  
and ( 76) shows two carbonyl ab sorp tion s, th at due to  the amide 
at 1640cm  ̂ and that due to  the in tram olecu larly  hydrogen bonded 
e s t e r  a t  1675cm Typically^^^’  ̂ the n i t r i l e  ab sorp tion s  are
too weak to  be ev id e n t .  The M.S. of the two compounds show 
low in t e n s i t y  molecular ions  a t  514 m/e, w ith  a high in t e n s i t y  
peak a t  373 m/e corresponding to  the lo s s  of the benzoyl group 
(105 m/e) and the n i t r i l e  group (26 m /e) .  The N.M.R. sp ec tra ,
45.
reproduced on page 68 , are c o n s is te n t  w ith  the proposed 
s tr u c tu r e s ,  but show Cg-H to  absorb at 6 .83  é  in (75a) and e i th e r  
7 .70  or 6 .92  6 in ( 76 ) ,  One might, however, have expected  
r ing  C to  have sh ie lded  t h i s  p o s it io n  to a p o s it io n  nearer  
6 6 ( s e e  page 149 of  t h i s  t h e s i s ) .  I t  must be concluded  
th ere fo re  th a t  r ing  C in t h i s  type of compound tak es  up a 
conformation d i f f e r e n t  to  that observed in  1 -b e n z y liso q u in o l in e s  




I t  i s  known^^^ that N -a c y l i s o q u in a ld o n i t r i le s  in sodium 
hydride and dimethylformamide can undergo an N to  m igration  
of the benzoyl group to  g iv e  a 1-benzoyl iso q u in o lin e  o f  the
cp
type ( 78) .  I t  was suggested th at systems in which the anion  
i s  d e s t a b i l i s e d  are most prone to  t h i s  behaviour. No 




of ( 73 ) or ( 74 ); perhaps because o f  the carboxyl fun ction  at
M eO O C
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fu r th er  s t a b i l i s i n g  the anion. The p o s it io n  o f  the C^-H 
absorption  in the N.M.R. sp ectra  of the two compounds (7*1^  ) 
supports an increased a c id i t y  compared w ith  other R e is s e r t  
compounds in which t h i s  absorption i s  r a r e ly  downfield of
47.
Generation of the aromatic iso q u in o lin e  n u c leu s .
A lkylated  R e is s e r t  compounds are normally converted in to
aromatic iso q u in o lin e  d e r iv a t iv e s  w ith  a lc o h o l ic  sodium
54hydroxide a t  steam hath temperature . However, when t h i s  
technique was applied  to  (75a) only  complex m ixtures were 
obtained .
I t  was noted that t r a c e s  o f  the aromatic iso q u in o lin e  ( 78 )
M eOOC
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were produced in the a lk y la t io n  r ea c t io n  of  (73) and t h i s  
prompted the use o f  sodium methoxide in methanol at room 
temperature to  achieve the required conversion (75a) to  ( 78 ) .
In model experim ents, y i e ld s  o f  up to 95^ of 1 -b en zy liso q u in o lin e  
were obtained from the rea c t io n  of N -benzoy1-1 -b en zy lisoqu ina ld o-  
n i t r i l e  w ith  t h i s  reagen t. This rep resen ts  an improvement in  
y ie ld s  on methods reported to  date^^. In t h i s  way (75a) was 
converted smoothly in to  the d es ired  1 -b en zy liso q u in o lin e  ( 7 8 ) ,  
although some s a p o n if ic a t io n  at was observed to  g iv e  the acid  
( 79 ) .  Although t h i s  r e s i s t e d  e s t é r i f i c a t i o n  to  ( 78) in methanol
48.
and su lphuric  a c id ,  the conversion was achieved in hot methanol 
w ith  hydrogen ch lo r id e  gas as c a t a ly s t .
As a point of p r a c t ic a l  i n t e r e s t ,  i s o l a t i o n  o f  the  
a lk y la te d  R e is s e r t  compound (75a) was unnecessary. In s te a d ,  
a lk y la t io n ,  h y d ro ly s is  and r e - e s t e r i f i c a t i o n  of the carhoxyl 
group can be achieved in  a "one-pot" r ea c t io n  to a fford  the
1 -b e n z y l- i so q u in o l in e  e s t e r  ( 78 ) in good y i e l d .  By an e x a c t ly  
analogous ro u te ,  methyl 5-b y d r o x y - l - ( 3 , 4 , 5-tr im e th oxyb en zy l)-  






Both isomers ( 78) and ( 80 ) e x h ib it  a u .v .  spectrum t y p ic a l  
of an aromatic iso q u in o lin e  ( X 383nm), and showed by I . E . ,  
the presence o f  a s a l i c y l i c  e s t e r  grouping ( 318O and 1683cm ^).  
Both compounds were shown, by M.S., to  p o ssess  the molecular  
w eight ( 383) ,  in  accord w ith  the s tru c tu res  a ss ign ed . The 
N.M.R. spectrum of each compound e x h ib i t s  the methyl e s t e r  
absorption  at 4 - 0 S  , the b en zy lic  methylene group as a broad 
s in g le t  at 4 * 4 9 >  and the three aromatic methoxyl groups
49.
to g e th er  at S  • Both isomers showed a t y p ic a l  AB s p l i t t i n g  
pattern  fo r  the C^H-C^H system (s e e  page 60k ).  In the spectrum  
o f  compound (8o), Ĉ H and CqH are present as a pair  of d ou b lets  
whereas in the spectrum of ( 78 ) two s in g le t  absorptions e x i s t .
As a model fo r  the reduction  to  the 1 , 2 , 3>4-tetrahydro  
d e r iv a t iv e s ,  methyl 5-h y d r o x y is o q u in o l in e -6-ca rb o x y la te  ( 7l )  





e th a n o l.  The same treatment of ( 78) afforded a product which  
was shown by I .R . to have reta ined  the e s t e r  fu n c t io n ,  and which 
ex h ib ite d  no absorption maxima above 320nm. A complex s ix  proton 
absorption  between 3 .6  and 2 .6  S  , and a broad t r i p l e t  at 4*55 










(8 2 ) (83)
50.
analogous manner ( 8 3 ) was obtained in good y ie ld  from isomer ( 80 ) 
and ex h ib ite d  sp e c tr a l  c h a r a c t e r i s t i c s  in accord w ith  the 
assigned  s tr u c tu r e .
Reduction of ( 82) w ith  lith ium  aluminium hydride proceeded 
smoothly to  g iv e  51^ y ie ld  of a c r y s t a l l in e  product the I .R .  
spectrum of which showed no carbonyl absorption  but strong  
absorption  in the 3500-3200cm  ̂ reg ion . The N.M.R. spectrum 
shows the aromatic protons at and Cg to  absorb as a broad 
s in g le t  at 6 . 63  ̂ compared w ith  '] * 6 2  6  and 6 . 8O S  in the  
precursor ( 8 2 ) .  There i s  no absorption due to  the e s t e r  methyl 
group, t h i s  i s  replaced by a b en zy lic  methylene group absorbing  
at 4 .6 5  J  . A broad th ree  proton s in g le t  at 5*5 i s  removed 
on d eu te r a t io n .  On the b a s i s  of t h i s ,  and mass s p e c tr a l  evidence  
fo r  a m olecular weight o f  359> structure  ( I 4 ) was ass igned  to  





(14) (8 4 )
51.
An analogous treatment of the iso q u in o lin e  (8 3 ) a fford ed ,  
in 48^ y i e l d ,  the isom eric  s a l ig e n in  ( 8 4 ) the sp e c tr a l  data of  
which are c o n s is te n t  w ith  t h i s  s tr u c tu r e .  In the N.M.R. 
spectrum C^-H and Cg-H absorb as two very c lo s e  dou blets  
centred a t  6 .7
2 . Pharmacology of s a l ig e n in s  ( 14) and ( 8 4 ) and some i s o la te d
in term e d ia tes .  
The s a l ig e n in s  ( 14) and ( 84 ) were screened by A llen  &
Hanbury L td . ,  but were shown to  p ossess  no s ig n i f i c a n t  a c t io n  as 
b ro n ch o d ila to rs .  In a d d it io n ,  th e ir  immediate precursors ( 8 2 ) 
and ( 8 3 ) were screened, w ith  the i s o q u in o l in e s  l i s t e d  below.
None of th ese  compounds showed any u se fu l  a c t i v i t y ,  and i t  seems
ROOC ROOC
(61) R = M e ,R ' = H
(7 5 )R  = M e ,R '= C O P h  
( 7 7 )R = R '= H
(7 1 )R = M e ,R '  = H 
(7 6 )R = M e ,R '= C O P h
d i f f i c u l t  to  conclude anything about the th e o r ie s  of a c t io n  of 
compounds in t h i s  f i e l d .
52.
3. The i s o la t i o n  of an unexpected product.
On one occasion , an in s i t u  treatment o f  the a lk y la te d  
R e is se r t  compound (75a) w ith  sodium methoxide in methanol 









expected 1-b e n z y l iso q u in o l in e  ( 78) ,  contaminated with other  
components. P.L.C. afforded small amounts o f  two bases  the
u .v .  spectrum of the f i r s t  -being  ty p ic a l  o f  an aromatic 
i s o q u in o l in e .  The I .R .  spectrum showed absorptions at 3200, 
1698 and 2200cm on the b a s i s  o f  which the cyano s tru ctu re  





measurement of the molecular ion (228 m/e) confirms the  
required c o n s t i tu t io n  o f  The N.M.R. spectrum of
t h i s  product i s  a lso  in accord w ith  the assigned  s tr u c tu r e .
The second base to be i s o la t e d  ex h ib ite d  a s im ila r  u .v .  spectrum, 
but showed no n i t r i l e  absorption  in the I .R .  but an a d d it io n a l  
absorption  at 1743cm . The M.S. confirmed a m olecular weight
of 261, and the N.M.R. spectrum showed two methyl e s t e r  
a b so rp tio n s .  On t h i s  b a s i s ,  s tru ctu re  (86) was assigned  to  





55has been found as a s id e  product in the s y n th e s is  of a 1 -b en zy l­
iso q u in o lin e  d e r iv a t iv e  v ia  the R e is se r t  method.
A th ird  by-product (X), which was i s o la t e d  by fu rth er  
chromatography of the rea c t io n  m ixture,'w as n eu tra l and analysed  
fo r  C^^Hg^NO .̂ The N.M.R. spectrum i s  reproduced below, f i g .  3 








trimethoxylDenzyl r in g .  This and the two aromatic s i n g l e t s  
a t  7 .55  and 7 .0  6  impf/es th a t  a novel c y c l i s a t io n  to s tru ctu re









R = C O O M e
(87) (88)
absorption  appears at 3 .84  6 w h i ls t  the t e r t i a r y  e s t e r  
absorption  i s  at 3 .55  cT . The mass spectrum i s  reproduced in  
histogram  form in f i g .  4 and i s  c o n s is te n t  w ith  e i th e r  the
55.













Before attem pting to decide between s tr u c tu r e s  ( 8 7 ) and
(88) i t  i s  in order to  d is c u s s  the mechanism of formation of the 
pavine r in g  system from l -b e n z y l - l ,2 -d ih y d r o i s o q u in o l in e s  o f  the 
type ( 8 9 ) .  This in v o lv e s  a c id -c a ta ly se d  c y c l i s a t io n  v ia  
n u c le o p h i l ic  a ttack  at of the 1 ,4 -d ihydro isoq u ino lin ium  ion  
( 9 0 ) ,  which i s  formed by rapid protonation of the 1 ,2 -d ih y d ro -  
iso q u in o lin e^ ^ .
57I t  has a ls o  been shown that the reduction  of  aromatic  
i s o q u in o l in e  d e r iv a t iv e s  w ith  sodium borohydride proceeds  
through the 1 , 2-d ihydroisoquinolin ium  interm ediate with subsequent







p a v in e  r in g  s y s te m
(91)
which reduces w ith  ease to  the 1 ,2 ,3 ,4 - te tr a h y d r o  d e r iv a t iv e .  
Reduction o f  4 -b e n z y l iso q u in o l in e s  w ith  sodium borohydride 
often  s top s  at the 1 ,2 -d ih yd rostage  and i t  has been suggested  
that the system i s  s t a b i l i s e d  by the a lk y l  s u b s t i tu e n t .
C^-Protonation of the enamide (75a) would be expected to
57
57'




would require the novel c y c l i s a t io n  o f  the a c t iv a te d  trim ethoxy-  
benzyl r in g  to  the styrene double bond, at C^. A lte r n a t iv e ly  
the isopavine stru ctu re  could a r i s e  by c y c l i s a t io n  to  which  
would appear to  be the more e l e c t r o p h i l i c  o f  the two c e n tr e s .
I t  i s  considered th a t  incomplete conversion of the R e is se r t  
compound (75a) to the 1 -b en zy liso q u in o lin e  was achieved by the  
rea c t io n  o f  sodium methoxide in methanol. The ensuing treatment  
w ith  hydrogen ch lor id e  caused r ing  c losu re  o f  the benzyl group to  
e i th e r  or C ,̂ w ith  concomittant or subsequent n i t r i l e  group 
m ethanolysis  to  g iv e  the pavine ring s tru ctu re  ( 8 7 ) or the  
isopavine system ( 8 8 ) .
Further s tu d ie s  were made in order to a ss ig n  a s tru ctu re  
unequivooably to  compound (X ). F i r s t l y  a more d e ta i le d  study  
of the U.M.R. spectrum was undertaken. F ig .  3 shows th a t
58.
proton A absorbs as two d o u b le ts ,  one at 5*31 and one at  












in the pavine system ( 8 7 ) would be expected to  absorb at  
a lower f i e l d  than Ĥ  in the isopavine system (8 8 ) ,  chemical 
s h i f t  c a lc u la t io n s  would be u n re lia b le  because o f  p o ss ib le  
sh ie ld in g  e f f e c t s ,  both by the adjacent methoxy group^^^*^ 
and the benzoyl group.
F ig .  5 shows the d ihedral angles  between protons and 
Hg, and protons Ĥ  and Hq as measured from molecular models of  
the two s tr u c tu r e s .  From t h i s  the expected s p l i t t i n g  p atterns  
for  both s tr u c tu r e s  are constructed  in F ig .  6, w ith  the observed  
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This supports the pavine stru ctu re  ( 87 ) fo r  X hut i s  hy 
no means c o n c lu s iv e .  I t  i s  in t e r e s t in g  to  note th at in pavine 
a lk a lo id s  of the genera l stru ctu re  ( 9I ) ,  proton A i s  observed  
to  couple w ith  Hg but not w ith  H q ,  such that i t  appears as a
NMe
(91)
 ̂ 59doublet w ith  a coupling constant o f  6 .0  Hg .
The remainder of the N.M.R. spectrum of (X) does not help  
to  so lv e  t h i s  problem so a t te n t io n  i s  turned to  the M.S. The 
fragm entations o f  a lk a lo id s  based on the pavine and isopavine  
s k e le to n s  are known^^ and c h a r a c t e r i s t ic  (Scheme 4 ) and the main 
d i f f e r e n c e s  between the two r ing  systems a r e : -
( a) The presence o f  M'*’-43> corresponding to  the bridge l o s s  of 
CHg=hMe in the isopavine s e r i e s  on ly .
(b) The presence, as base peaks, of the two isoquinolin ium  ions  
( 92) and ( 93) in the pavine s e r i e s  and the one corresponding ion  
( 94 ) in  the isopavine s e r i e s .
61.
Scheme 4#
















However, s tru c tu res  ( 8 7 ) and (88) contain  s e v e r a l  carbonyl 
groups which seem to  a l t e r  the mass spectrum observed, which  
shows (M^-COOCH^), and a strong peak at m/e426 corresponding to  
a lo s s  o f  PhCONHg from the molecular ion .  This fragm entation  
i s  c o n s is te n t  w ith  both of the postu lated  s tr u c tu r e s  so i t  was 
reasoned th a t  h y d ro ly s is  of the amide (X) would generate the  





(87) R = Me




(8 8 ) R = M e
(96) R = H
Treatment of the unknown compound w ith  orthophosphoric  
acid^^ at 110° afforded benzoic  acid as a sublim ate, but 
un fortun ate ly  no other pure m ater ia l  could be is o la te d  from 
the r e a c t io n  m ixture.
63.
A second degradative attempt involved treatment of (X) 
w ith  30^ sodium hydroxide at 90° and afforded a so l id  product 
which showed an I . R .  spectrum very s im ila r  to  that of the 
s ta r t in g  m ater ia l hut which was an a c id ic  substance. The 
ÎT.M.R. spectrum showed the lo s s  o f  the s a l i c y l i c  e s t e r  methyl 
absorption , and a high r e s o lu t io n  mass measurement of the  
m olecular ion confirmed the c o n s t i tu t io n  o f  An
analogous M.S. breakdown to  that of (x )  was observed and on 
t h i s  b a s is  the s a l i c y l i c  acid  s tru c tu res  ( 95 ) or ( 96) were 
proposed. The U.V. spectrum showed an absorption  maximum at  
312nm which remained v i r t u a l l y  unchanged on the ad d it ion  o f  
sodium hydroxide, whereas an absorption maximum of 322nm in the 
spectrum of (X) s h i f t s  to  350nm with base . A s im ila r  U.V. 
s p e c tr a l  phenomenon has been noted to  e x i s t  between the a c id -  
e s t e r  analogues (77) and ( 61) and (79) and ( 78) and i s  probably  
a r e f l e c t i o n  of the strong intram olecular hydrogen bonding in  
the s a l i c y l i c  acid  d e r iv a t iv e s .
ROOC ROOC
(61) R =M c  
(77) R= H
(78) R = M e
(79) R = H
64#
Attempts to  fu rth er  degrade (95 ) or ( 9 6 ) involved the use 
of sodium ethoxide in e th a n o l .  This , however, afforded only  
small q u a n t i t ie s  of s ta r t in g  m a ter ia l .
Evidence a g a in st  the isopavine s tructure  (88) fo r  X was 
given  by the mass sp e c tr a l  fragmentation o f  the N -benzoylisopavine  
( 97 ); which was prepared from nor-amurensinine ( 98)^^. The 
spectrum ex h ib ited  a molecular ion a t  m/e 519 and a peak at
(97) R = C O P h
(9 8 ) R = H
m/e 295 which represented 90^ of the base peak. m/e 295 
corresponds to  the l o s s  o f  m/e 134 from the molecular ion and 




COPh m /e 295
+  P h C 0N H C H 2
65.
l o s s  of m/e 121 (PhCONH )̂ observed in the spectrum of compound X 
i s  ev ident only to  the ex ten t  o f  1^ of the base peak.
I t  i s  suggested th ere fo re  that the pavine stru ctu re  ( 8 9 ) 
i s  favoured fo r  X. The bridge cleavage observed i s  r a t io n a l is e d  
by such a mechanism as shown in scheme 5> in which proton capture  






SCH EM E 5
HO
R
R =  C O O M e ,  R-] =O M e [P h C O N H g ]
6 6 .
I t  i s  in t e r e s t in g  to continue t h i s  t h e s i s  hy looking a t  such 
t e t r a c y c l i c  systems as they occur in  nature as isopavine a lk a lo id s .  
Chapter 2 in c lu d es  a b r i e f  review o f  isopavine chemistry and the 
a u th or 's  con tr ib u tion  to the sy n th e t ic  methods a v a i la b le  fo r  the  
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T his was prepared in 70^ y ie ld  based on m eta cre so t in ic  acid  
( 42) (lOOg) by formation o f  the methyl e s t e r  ( lO lg )  in hot 
Me0H(600ml) and HCl gas fo r  6 hr, i s o la t i o n  and subsequent 
treatment o f  the product (66.6g) in a c e t i c  anhydride ( 90ml) ■*’ 
at steam bath temperature fo r  6 hours. The ex cess  a c e t i c  
anhydride was c a r e fu l ly  decomposed with water and the product 
extracted  in to  CHCl^; b .p t  120° at 2 .5  Torr, N.M.R. (CDCl^)
8 .0 d [ l ]  J=8.0Hg (G g l) ,  7 .13  d [ l]J = 8 .0 %  (C^-H), 6 .96  s [ l ]
(C^-H), 3 .88  s [3] (COOCHj), 2 .35  s [3] and 2 .4  s [3](Ar-CH^ 
and Ar-OCOCH^); y  ( l iq u id  f i lm ) 1776, 1727; A j^ax ^41
( 17, 700) ,  275 ( 1 , 100) ,  282 (9 3 5 ) ,  305 ( 450) .
Methyl 2 -acetoxy -4 -(d iace toxym ethy l)ben zoate  (4 5 ) .
G la c ia l  AcOH (500ml) was added to  a soIn . of CrO^(90g) in  
ACgO ( 750m l), the so ln .  was cooled to 0° and concentrated
(50ml) added c a u t io u s ly .  This mixture was added dropwise 
over 4hr. to  a s t ir r e d  s o ln .  o f  (44) ( 50g) in Ac^O ( 500ml) 
maintained between -1 0 °  and - 1 5 ° .  A fter  s t i r r in g  fo r  a 
fu rth er  2hr. the soln  was allowed to  reach 0° over 1 hr, and 
isopropanol ( 600ml) c a u t io u s ly  added, keeping the temperature 
below 15° .  The r e s u l t in g  dark green s o ln .  was evaporated to  
low bulk under reduced pressure at 35° and ic e  ( 500g) was added.
The s o ln .  was l e f t  fo r  Ihr, then ex tracted  w ith  GHCl  ̂ (4 x l0 0 m l) .
The combined GHGl  ̂ e x tr a c ts  were washed w ith  saturated  NaHGO^aq, 
and water and dried  (MgSO^). Removal of the GHGl  ̂ afforded a 
golden o i l  which s o l i d i f i e d  on standing (42g, 54%). R e c r y s ta l l i s a ­
t io n  from MeOH afforded white c r y s t a l s ,  m.p. 95°; N.M.R. (GDGl^),
71.
8 ,01  d [ l ]  J=8.7Hz (Cg-H), 7 .68  s [i](Ai^CH), 7 .4  d Cl] J=8,7Hz 
(C j-H ), 7 .26  s [1] (C^-H), 3 .8 3  B [3]  (COOCH^), 2 .3  s [3] (Ar-0- 
COCH )̂, 2 .1  B [6](0C0CH^)g; y  1765 broad, I 71O, I 628;
A  ( é ) ,  283 ( 1 , 1 0 0 ) ,  232 ( 13, 000 ) .  (Pound! C, 55 .7 ;
H, 4 . 9 . C^cH^gOg req u ires!  C, 55 .6; H, 5 .0 ^ ) .
I s o la t io n  o f  methyl 2 -acetoxy-4-carboxybenzoate  ( 46) .
The combined NaHCÔ  washings from the previous experiment 
were a c i d i f i e d  with 2N HCl, and the s o ln .  ex trac ted  with CHCl  ̂
(3x100m l). The combined e x tr a c ts  were washed (b rin e) dried  
(MgSO^) and evaporated to  g iv e  a white s o l i d ,  (5%) m.p. 185- 6° 
(MeOH). N.M.R. (DMSO) 13*5-11«0 broad s [ l ]  (COOH, removed by 
DgO), 7 .7 - 7 .2  complex [3 ] (aromatic H), 3*86 s [3] (ArCOOCH^),
2 .32  s [3] (ArOCOCH ); -0 3300-2300, 1770, 1715, I 69O;
A max 294 (2 1 0 0 ) ,  240 ( l 6 , 3 0 0 ) .  (Pound: C, 55-3; H, 4*1.
*^11^10^6 0, 55*5; H, 4*2%).
Methyl 2 -acetoxy-4-form ylbenzoate  (4 7 ) .
The aldehyde t r ia c e t a t e  (45) (25*6g) was heated on a steam 
bath fo r  3hr. in g l a c i a l  AcOH (250ml) and cone. HCl (5ml ) .
CHCl  ̂ (200ml) was added to  the cooled s o ln .  and the rea c t io n  
mixture washed w ith  NaHCO ,̂ brine and dried  (MgSO^). Removal 
of the so lv en t  afforded a yellow  o i l  which c r y s t a l l i s e d  on 
standing (80%). R e c r y s t a l l i s a t io n  from petro l/ben zene afforded  
( 4 7 ) as c o lo u r le s s  f l o r e t s ,  m.p. 79-80° , N.M.R. (CDCl^) 9*98 s 
f l]  (CHO), 8 .0 9  d [ l ] j = 8 .0  Hz (Cg-H), 7 .74  d [ l j j = 8 .0  Hg (C .-H ),  
7 .57  d [1]  J=1.7Hz (C -H); Umax 1763, 1726, I703, 1573. ( Found 1
C, 59 . 5 ; H, 4 . 5 . C^^H^gOg req u ires!  C, 59 .3; H, 4 .5 $ ) .
72.
Methyl 2-acetox.y-4 ( 2 , 2-dlmethoxyethoxy)imino methyl benzoate ( 48) 
A mixture o f  the aldehyde (4 .2 g )  (47) and ex ce ss  am inoacetal-  
dehyde-diraethylacetal (5ml) in benzene (200ml) was heated under 
r e f lu x  for  8 hr. The s o l id  product obtained a f t e r  removal of the 
so lven t  was r e c r y s t a l l i s e d  from p etro l  (3 .7 g )  (60%). N.M.R.
(CDCl^) 8 ,3  s [ij (CH=N-), 8 . 0 - 7 .25 complex [3] (aromatic H),
4 . 0- 3 .7 m [2] (CH2-CH(0 CH^)g), 4 .36  t  [l] J=5.2Hz (CHg-CH (OGH )g ) ,  
3 .8 6  8 [3] (GOOCH ) ,  3 .36  s [6] (CHgCH-(OCH ) g ) ,  I .93 s [3]
(OCOCHj); 1770, 1720, 1650.
Methyl 4 - f ormyl-2-hydroxybenzoate (4 9 ) .
The aldehyde t r ia c e t a t e  (45) ( 4 2 .Og) was heated under r e f lu x  
w ith  MeOH ( 300ml) and Ĥ SÔ  (lOml; 98%) fo r  3 hr. A fter  removal 
of the MeOH under reduced pressure, ic e  (200g) was added and the 
s o ln .  ex trac ted  w ith  CHCl  ̂ (4%100ml). The combined CHCl  ̂ e x tr a c ts  
were washed w ith  NaHCÔ  (3X100ml), water (2xl00m l) and dried  
(MgSO^). Removal of the so lv en t  afforded a s o l id  which 
r e c r y s t a l l i s e d  as white f l o r e t s  from 6O-8O p etro l  ( 2 3 . 4g, 85%) 
m.p. 76- 77°; N.M.R. (CDCl^), 10.82 s f l ]  (-0H, removed by DgO),
10.01 s [ l]  (-CHO), 7 .98  d [ l]  J=8.0  Hz (C^-H), 7 .36  d [l]  J=8.0  
Hz (C ^ H ), 7 .43  s [ 1] (Cg-H), 3 .96  s [3] (-COOCH^); V
3250, 1700 broad, 1625, 1580; A 340 (3 ,2 0 0 ) ,  264 sh
( 11, 300) ,  258 ( 12, 00) ,  250 ( 10, 600) .  (Pound: C, 59*9;
H, 4 . 5 . Ĉ HgÔ  req u ires:  C, 60.O; H, 4.5%).
73.
Methyl 4 - [ [ ( 2 , 2-dim ethoxyethyl)im ino]m ethyl] -2-hydroxyhenzoate (50) 
A mixture of methyl 4-formy1-2-hydroxy benzoate (60g) and 
am inoacetaldehydedim ethylacetal ( 35g) in benzene ( 500ml) was 
heated under r e f lu x  fo r  4 hr. The s o l id  product obtained a f t e r  
removal of the so lven t  was r e c r y s t a l l i s e d  from p etro l  ( 6O-80 ) ,
(80g , 90%), m.p. 64- 65°; N.M.R. (CDCl.), 10.77 s [ l ]  (-0H, removed 
by DgO), 8 .O-7 .2  complex [3]  (Aromatic H), 8 .2 5  s [ l ]  (Ar-GH=N-), 
4 .7 0  t  [ 1]  J=5.0 Hz (-CH-(OMe)g), 3 .93  s [3] (GOOCH ) ,  3 .42  s [6]  
(2xOCH ) ,  3 . 7- 3 .9 m [ 2]  (N-CHg-CH-); u 3130, I 680, I 652,
1623; A max ^34 ( 4 , 600) ,  265 ( 22 , 800) ,  272 sh (2 0 ,0 0 0 ) .
(Found; C, 58.4; H, 6 .4 ;  N, 5«3. C^^Ĥ ^NÔ  requ ires:  C, 58 .4;
H, 6 .4; N, 5 . 3%).
Methyl 4 - [C (2 , 2-dim ethoxyethyl)am ino] methyl] -2-hydroxybenzoate (53)<
C a ta ly t ic  reduction  of the S c h if f s '  base ( 50) in EtOH, using
10% Pd/C at 45 Ib /s q .  in .  for  3 hr gave a yellow  o i l .  N.M.R.
(CCl^) 7 .69  d [ij J=8.0 Hz (C^-H), 6 .65  complex [ 2]  (C^-H and C^-H) ,
4 .3 8  t  [ 1]  J=5.5  Hz (CHgCH(OCHJg, 3 .9 0  s [3](C00CH^), 3 .71  B [2]
(ArCHg-HC), 3 .29  sféKcH^CHlOCH ) g ) ,  2 .61  d [2] J=5.5  Hz
(CHgCH(OCH^)g). The hydrochloride s a l t  was obtained as w hite
n eed le s  from CÆ^ (90%) m.p. 163-4°; V  3160, 2800-2400  o 0 m&x
(s e v e r a l  bands), 1665; A (^) 312 ( 4 , 600) ,  242 ( 10 , 800) .
(Found: C, 51.3; H, 6 .8 ;  N, 4 .6 .  ^^2^2oP^5^^^ req u ires:
C, 51 .0 ;  H, 6 .6; N, 4.6%).
C y c lisa t io n  of the a c e ta l  (53) in the presence of vera tra ld eh y d e .
The a c e ta l  (53) (270mg) was heated under r e f lu x  w ith  
veratraldehyde (lOOmg) in 6N m ethanolic HCl fo r  1 hr. On co o l in g  
to 0° an orange s o l id  separated ( 20mg) y  3500-2500, l6 8 0 ,  I 63O; 
A 335 (broad) mass m/e 353 (M+) [lOO%] , 321 { 3̂0%].
74.
Attempted c y c l i s a t io n  of the a c e t a l  (33) w ith  BF^.
Gaseous BF  ̂ was passed through a s o ln .  o f  (53) (500mg) in  
CHgClg ( l2 m l ) .  NaOH (15%, 10ml) was added and the mixture s t ir r e d  
at R.T. f o r  20hr. The s o ln .  was a c i d i f i e d  (HCl), r e b a s i f i e d  
(NaHCO )̂ and ex tracted  in to  e th er .  The combined e th er  e x tr a c t s  
were washed (H^O), dried (MgSO^) and evaporated to  a fford  a 
reddish s o l id  (l20mg) m.p. 100-115°, mass m/e 269 (low e v ) .
TLC on alumina showed s ev era l  components and further p u r i f ic a t io n  
proved im p oss ib le .
Methyl 4 - [  r(2,2-dim ethoxyethyl)p-toluenesulphonam idolm ethyjj - 2 -  
hydroxybenzoate ( 58) .
The a c e ta l  (53) (4 .0 g )  was heated on a steam bath w ith  
pyridine ( 100ml) and t o s y l  ch lor id e  ( 5 . 6g) fo r  I .5  hr. A fter  
removal o f  the so lv e n t ,  the residue was d is so lv e d  in CHCl  ̂ (50ml) 
washed (NaHCO  ̂ and Ĥ O) dried (MgSO^) and evaporated to y i e l d  a 
pale red o i l  which c r y s t a l l i s e d  from p e tro l  ( 6O-80 ) as lemon 
p la te s  ( 3 . 8g , 60%) m.p. 93° ,  N.M.R. (CDCl^) 7 .8 5 -6 .6  complex [ j ]  
(aromatic H), 4 .4 0  s [ 2]  (Ar-CHg-N{), 4 .3  t  [ l ]  J=5.0  Hz 
(CH2-CH-(0CHj)g), 3 .87 sf3j(C00CH^), 3 .28  d [2] ( CHg-CH-(OCH^)g), 
3J-7 s [6] (CHg-CH-fOCHjjg), 2 .38  s [3] (Ar-CHj)î V  3170,
1670, 1345, 1168 -, X  ( £ )  310 ( 4000) ,  243 (15W 0);  
mass m/e 423 (K^) [ l -5 $ ]  , 268 jlOC$] . (Fotmd: C, 5 6 .9î
H, 6 .0 ; N, 3 .3 ; S, 7 .8 .  Cg^Hg^NSO  ̂ req u ires:  C, 56.7;
H, 5.9; N, 3.3; s, 7 . 6%).
75.
Methyl 4 -^ r (2,2-dlmethoxyeth.yl)'benzene sulphonamido]methyjj - 2 -  
hydroxy benzoate was prepared (62%) by the  same procedure as  
above. The product was an o i l  which r e s i s t e d  c r y s t a l l i s a t i o n ,
N.M.R. (CDCl^) 7*9-6 .7  complex [8] (arom atic H), 4 .46  s [ 2]  (Ar-CHg-N ) ,  
4 .3 5  t  [1] J=5 .0  Hz (CHg-CH-(OCH^)g), 3 .9 0  s [3] (GOOCH ) ,  3 .2 4 -3 .1 5  
complex [8] (CHg-CH-(OCH )g ) ;  v  ( o i l  f i lm )  3500,1678, 1440,
1340, 1155; A max 310 (3 6 0 0 ) ,  242 ( 12,000); mass m/e 
409 (M+) [0 . 5%] , 268 [100%].
Methyl 1 , 2-dihydro-7-h.ydroxy-2-ph-to luene sulphonyl i s o g u in o l in e - 6- 
carboxylate (59)
The t o s y l  a c e ta l  ( 58) (2 .0 g )  was heated under r e f lu x  in 6N 
m ethanolic HCl for  40 hr. A yellow  powder was c o l le c t e d  on 
coo ling  to  0° ( 0 . 92g , 64%) m.p. 191- 3° ,  t h i s  product could not 
be r e c r y s t a l l i s e d  or sublimed. N.M.R. (CDCI^/DMSO) 7 *9 -7 .2  
complex [ 5] (arom atic H), 6 .80  s [ l]  (Cg-H), 6.68 d []] J= 8 .0 Hz 
(C^-H), 5 .93  d [ l]  J=8.0 Hz ( C ^ - ^ ,  4 .51  s [2]  (Ar-CHg-N ) ,
3 .84  s [3] (COOCH^), 2 .34 s [3] (Ar-CHj); V 3130, I 69O, 1625,
1280, 1 1 7 5 ; ,A max (%) 298 ( 8300) ,  235 (24P00); mass m/e 359 (%+)
[ 30%] , 204 [75%] , 172 [100%] , 116 [33%] ; (M+ found: 359*0835;
C^gH^^NO^S req u ires  359*0828).
76.
Attempts to  remove the t o s y l  fu n ction  from the N -to sy l- l ,2 -d ih .y d ro r  
i so q u in o lin e  (5 9 ) .  A ll  of th ese  r e a c t io n s  returned s ta r t in g  m a ter ia l .
METHOD (UNDER N g )
NaOMe/dry MeOH at r e f lu x  Ih r .
K tbu tox id e /d ry-t-b u tan o l at r e f lu x  1 hr.
K .t butoxide/dry-t-butanol/DM F at r e f lu x  4hr.
P d /c /to lu en e  at r e f lu x  1 hr.
Pd/C used at 200° 15 min
Reduction o f  the N - to s y l - l ,2 -d ih y d r o i s o g u in o l in e  (5 9 ) .
(59) (207mg) was hydrogenated in g l a c i a l  AcOH (60ml) using 10% 
Pd/C at 45 I b /s q .  in .  at 40° fo r  20hr. Removal o f  the c a t a ly s t  
and so lv en t  and t r i t u r a t io n  of the residue w ith  NaHCÔ  so ln .  
afforded a yellow  s o l id  (70mg) m.p. 95-100°; N.M.R. (CDCl^)
7 . 9 - 6 .6  complex [ 6]  (arom atic H), 4 .5 - 4 .2  complex and 3 .8 -3 ,2  
complex ( 6x a l ip h a t ic  H), 3 .9  s [ 3]  (COOCH^); y  l 6?8 , 1340, 
1160, 1085; A max 309; mass m/e 36I [m'*’J
77.
I s o la t io n  of  d 1 phen.y ld i  su 1 phone ( 69) .
KCN (6 .2 g )  in HgO ( l 6ml) was added to a s o ln .  of the  
S c h if f s '  base ( 50) ( 7 . 6g) in CHgClg (40m l). Benzenesulphonyl 
ch lor id e  ( l 06g) was added dropwise in CHgClg ( 30ml) over 1 hr.
The rea c t io n  was s t ir r e d  fo r  6 days, the two phases separated  
and the aqueous la y e r  washed w ith  CHgClg. The combined organic  
e x tr a c ts  were washed w ith  H^O, 2N HCl , 2N NaOH and w ater.
A fter  drying (MgSO^), the  so ln  was evaporated to  g iv e  a red 
o i l  which on t r i t u r a t io n  w ith  EtOH gave diphenyldisulphone ( 69)
(iJOg). R e c r y s t a l l i s a t io n  from MeOH afforded white n eed le s
m.p. 189- 90° N.M.R. (DMSO) 8 ,1 - 7 .5  symmetrical complex (aromatic H);
^ max 1580, 1345, 1330, 1305, 1140, 1048, 742, 700; A GL)
9240 ( 11 , 000); mass m/e 282 (M"̂ ) [ l . 2%] , 234, 141 
77 [100%J . (Found; C, 51 .2; H, 3 .3 ;  S; 2 2 .9 .
^12^10^2*^4 fG^uires: C, 51 .1 ;  H, 3 .54; 8, 22.7%).
Attempted ox id ation  of (44) w ith  e e r ie  ammonium n i t r i l e  (C .A.N.)
The benzoate d e r iv a t iv e  (44) (205mg) was added to C.A.N. 
(4 .1 g )  in  g l a c i a l  AcOH (8ml) and HgO (8ml) and heated on a steam 
bath fo r  1 .5h r .  The so lv en t  was removed under reduced pressure  
and the residue d ig es ted  with HgO and extracted  in to  e th er  
(4 X 40m l). The combined e t h e r ia l  la y e r  was washed with HgO, 
dried  (MgSO^) and evaporated to g ive  a yellow  s o l id  ( 0 . 38g) 
y  320O-2500, 1685, 1550 strong , 1350 s tron g . P.L.C. over 
s i l i c a  e lu ted  with Ĉ Hg afforded  at Rf 0 .1 ,  m e th y l -3 ,5 -d in i t r 0-  
2-hydroxy-4-methylbenzoate ( 5I )  (l20mg, 39%), m.p. 110-114 .
78.
N.M.R. ( DMSO) 8 .6 3  s Cq ( Ar-H), 3*5 broad s [l] (—OR, removed 
by D O), 3 .38  s [3] (COOCH ) ,  I . 9 I s [3]  (ArCH ); U ̂ j  J fllQiX
3550 sharp, 3500- 3000, 1695, 1545, 1340, ^00;Amax^^^ 340 sh 
( 5660) ,  378 ( 6320) .  mass m/e 256 (m' )̂ [iOO%] , 238 [21%],
239 [ 7%] , 224 [60%j 207 [ 95%] m etastahle I9I . 5 .
Methyl 2-h.ydrox,y-4-meth.yl-5-nitrohenzoate (52) (lOOmg) (40%) was 
a ls o  obtained (Rf 0 . 6 ) as white n eed le s  from p e tro l  m.p. 7 3 -4 ° .  
N.M.R. (CDCl^) 11.5 broad s [ l ]  (OH, removed by DgO), 8 .6 4  
s [ 1] (Cg-H), 6 .92 s[ l]  (C^-H), 4 .0 3  s [3] (COOCH ) ,  2 .6 6  s [ 3]  
(Ar-CH^); %) ( s o ln  in CHCl^) 3400-3000, I 67O, 1595, 1525,
1330; X  (^) 300 ( 6, 600) ,  234 ( 17, 400) , In EtOH/NaOH
IlJaJv . rH aJL
280, 335, 394; masem/e 211 (m' )̂ flOO$], I 94 [ 90$ ] ,  179 [8 8 $ ] ,
162 [40%] m etastable I 4 6 .5  (Found: C, 51*4; H, 4*3; N, 6 .6 .
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80 .
Methyl 7-hydrox,yisoqulnoline-6-carbox.ylate ( 6 l )  and 
methyl 5 -h yd roxy lsoq u in o lin e-6 -carb oxy la te  ( 7 1 ) see Table 
The S c h i f f ’ s base (50) ( l 2 .0 g )  was s t ir r e d  at 70-80°  
in f r e s h ly  prepared polyphosphoric acid (orthophosphoric  
acid ( 90m l) ,  PgO  ̂ ( l2 0 g )  fo r  5br. A fter  d i lu t io n  with  
water ( l  l i t r e )  the so ln  was b a s i f ie d  w ith  NaHCÔ  and 
extrac ted  w ith  CHCl  ̂ (4 % 150ml). The combined CHCl  ̂
e x tr a c ts  were washed w ith  water (2  x 100ml), dried  (MgSO^)
and evaporated to leave a yellow  s o l id  (8 ,6 g  ,
Chromatographic separation  of 200mg on s i l i c a ,  e lu t in g  w ith  
CgHg/CHCl^ ( 50: 50) a fiorded  methyl 7 -b yd roxy isoq u in o lin e -6 -  
carboxylate  ( 61) 40 mg, m.p. 120-121°; N.M.R. (CDCl^) 9 . I  s 
[1] (C^-H), 8 .3 6  d [ 1] J= 6 .0  Hz (C -H ),  7 .49  d [ 1] J= 6 .0  Hz
(C^-H), 8 .3 4  s [ l ]  (C^-H), 7 .34  B [1] (Cg-H), 4 .0 0  s [ 3]
(COOCHj); V  ( s o lu t io n  in CHCl ) ,  3270, I 692, I 64O, 1258; 
Amax 380 ( 2 , 860) ,  270 ( 5 , 700) ,  235 ( 51, 800); mass m/e 203 
(M+) [ 65%] 171 (100%). (Pound: C, 64. 9 ; H, 4 .5 ;  N, 7 .0 .
Ĉ ^Ĥ NÔ  req u ires:  C, 65 .0; H, 4*5; N, 6 . 9%). Also from
the chromatographic separation  was obtained methyl 5-hydroxy- 
i s o q u in o l in e -6 -c a r b o x y la te  ( 71) 120 mg m.p. 137-138°; N.M.R. 
(CDCl^), 12 .8  s [ 1] (-0H, removed by DgO), 9*1 s broad [ l ]
(C^-H), 8 .5 8  d broad [ l ]  J=6 Hz (C^-H), 8 .05 d [ l ]  J=6 Ĥ
(C^-H), 7 .77  d [ l ]  J=8.8 Hz (C -H ), 7*28 d [ l ]  J=8.8 Hz (Cg-H),
3 .9 4  s [3] (COOCH )̂; D (so ln  in CHCl^), 2800^3520, I 676,
1642, 1 2 6 0 ;A (&)' 8^5 ( 5 ,2 0 0 ) ,  351 ( 5 , 600) ,  275 sh ( 50OO),
254 ( 2 5 , 000); mass m/e 203 (M+) [50%], I 7I [lOO%] . (Pound:
C, 65. 2 ; H, 4 . 6 ; N, 7*1. req u ires  C, 65.0; H, 4*5;
N, 6 . 9%). Subsequently isomers ( 61) and ( 71 ) were separated  
by f r a c t io n a l  c r y s t a l l i s a t i o n  using e i th e r  p e tro l  ( 6O-8 0 ) or 
EtOH.
81.
Methyl 2 -b e n z o y l-7 -b e n z o y lo x y - l -c y a n o - l ,2 -d ih y d r o iso q u in o l ln e -
6-ca rb o x y la te  ( 73)*
A mixture of ( 6l )  ( lO g ) ,  CH^Cl  ̂ (60m l), KCN ( l 6g) and 
water ( 30ml) was s t ir r e d  w h i ls t  benzoyl ch lor id e  ( 28g) in  
CHgClg (20ml) was added during 2hr. A fter  s t i r r i n g  fo r  a 
fu r th er  24hr the la y e rs  were separated and the CHgClg la y e r  
washed w ith  water, 2N ECl, water, 2N NaOH and water. The 
so ln  was dried  (MgSO^) and evaporated to  g iv e  a red o i l  which 
c r y s t a l l i s e d  from n-BuOH. R e c r y s t a l i i s a t io n  from MeOH gave 
white n eed le s  (5*5g, 24%) m.p. 203-3°; N.M.R. ( DMSO) ,
8 .3 -7 .4  complex [l2] (Aromatic H), 7*04 s broad [ l ]  (C^-H),
6 .83  d [ 1] J= 8 .0  Hz (C^-H), 6 .33  d [ l ]  J=8.0 Hz (C^-H), 3 .7 0  s [3]  
(COOCH^);Dmax, 1758, I 7IO, I 670, I 640, l 6 2 6 ; A ^ ^  (^ ) ,  330 sh 
( 6 ,2 0 0 ) ,  291 ( 15, 000) ,  239 ( 39, 000); mass m/e 438 (M+) [l8% ],
105 [lOC%] 338 [80%]. (Pound: C, 71*0; H, 4 . I ;  N, 6 . 3 .
*̂26^18^2*̂ 5 FGHuires: C, 71 .2;  H, 4 . I ;  N, 6 . 4%).
About 30% of the s ta r t in g  m ateria l was recovered as the 
0-benzoate (75) from the 2N HCl washings by b a s i f i c a t io n  
(NaHCO )̂ and e x tr a c t io n  w ith  CHCl^, and could be re c y c le d .
The hydrochloride s a l t  was r e c r y s t a l l i s e d  from EtOH, m.p. 
196- 197°; N.M.R. (DMSO), 9*93 s fl] (C^-H), 8 .9 7  s fl] (C^-H), 
8 .5 7  8 f l]  (Cg-H), 8 .8 3  d [1] J=6.0 Hz ( C - H ) ,  8 .6 3  d f l ]
J= 6 .0  Hz (C^-H), 8 .4 -7 * 6  complex [5] (O-GO-CÆ ), 3*86 sf3]  
(COOCH ); 1) , 235O-I96O severa l bands, 1740, 1721; A ( ^ ) ,
j  nicLX niaJC
338 ( 2 , 900) ,  230 ( 61, 600); mass m/e 307 (M+) [25%], 105 
Pound: C, 63.0; H, 4*0; N, 4*1; Cl, 1 0 .0 .  C^gH^^NO^HCl
82 .
req u ires:  C, 62.9; H, 4*1; N, 4 .1 ;  Cl, 10.3%).
In an analogous experiment me t  h.y 1 2-benzo.yl-5-benz oyl o x y -1-
cy a n o -1 ,2 -d ih y d ro iso q u in o lin e -6 -ca rb o x y la te  (74) was prepared 
(l8%) from ( 71) .  I t  c r y s t a l l i s e d  as white n eed le s  from MeOH, 
m.p. 194-195°; N.M.R. (DMSO), 8 .4 -7 * 4  complex [ 12] (Aromatic H),
7 .15  s [1] (C^-H), 6 .86  d [ 1] J=8.0  Hz (C -H ),  6 .19  d [ l]
J= 8 .0  Hz (C^-H), 3 .7  s [ l ]  (COOCH )̂; ^ 1740, I 680, I 635,
1603; A max G&), 330 sh ( 6 ,3 0 0 ) ,  293 (1 3 ,6 0 0 ) ,  238 (39,00O );
mass m/e 438 (M+) [8%] , 105 [lOO%]. Pound: C, 71*2; H, 4*1;
N, 6 .6 .  ^26^18^2*̂ 5 fG^uirss: 0, 71*2; H, 4*1; N, 6 . 4%).
Again, s ta r t in g  m ater ia l was recovered in about 30% y ie ld  
as 0-benzoate ( 76) from the HCl washings and could be r e c y c le d .  
Methyl 5 -b e n zo y lo x y lso q u in o lin e -6 -ca rb o x y la te  was r e c r y s t a l l i s e d  
from p e tr o l  ( 6O-8 0 ) ,  m.p. 116-117°; N.M.R. (CDCl^), 9*34 s 
broad [ l ]  (C^-H), 8 .6 0  d [ l ]  J=6.0  Hz (C^-H), 8 .4 -7*4  complex
[8] (Aromatic H plus C.-H), 3*70 s [ l ]  (COOCH ); i3 , 1744,4 "̂«5 in 3.x
1730, 1602, 1585; X  ( g ) ,  338 ( 3 ,6 0 0 ) ,  268 B h  ( 6, 500) ,
228 ( 54 , 500); mass m/e 307 (M+) 105 [lOĈ S] . (Pound:
C, 70 . 6 ; H, 4*3; N, 4*5; C ĝH^^NO  ̂ req u ires:  C, 70 .4 ;  H, 4 .3 ;
N, 4.6%).
7 -H yd roxy isoq u in o lin e-6 -carb oxy lic  acid (77)
The b en zoy loxy isoq u in o lin e  (75) (620mg) was s t ir r e d  w ith  
NaOH so ln  (30%, 20ml) for  24 hr. A c id i f i c a t io n  (HCl) gave a 
yellow  s o l id  which was c o l le c t e d  and c r y s t a l l i s e d  from 2NHC1, 
(200rag, 53%), m.p. 330°; N.M.R. (TPA) 11.67 s [ l ]  and 11 .1  s 
[ l ]  (COGH and OH, removed by DgO), 9 .65  broad s [ l ]  (C^-H),
83.
9.14  s [ l ] ,  8 ,0 7  s [ l ]  and 8 ,5 4  broad s [2] (C^-H, C^-H
C ^ -H  and C g - H ) ;  0 ^ ^  3080-2100, 1420, 1302, IO5O; A ^az 233, 
277 sh, A max (BtOH/NaOH) 233, 277 sh; mass m/e 289 (M'*’) 
[ 100%] , 171 [100%], 143 [ 98%], 115 [ 90%], m etastab les  a t
120 and 9 2 .4 .  (Pound: C, 63 . 3 ; H, 3 . 8 ; N, 7 .3 .  Ĉ ^H NO
req u ires  C, 63 , 5 ; H, 3 .7 ; N, 7.
Attempts to  protect  the phenolic  group of Methyl 7-hydrox.y- 
i s o q u in o l in e - 6-ca rb o x y la te  ( 61) and methyl l , 2-d ih y d r o -7-  
hydroxy-2- t o lu e n e - p - 8u lp h o n y liso q u in o lin e -6-ca rb o x y la te  ( 59)
METHOD
BENZYL ETHER PORMATION.
NaH/DMP/Benzyl ch lor id e  
RT. 3hr.
BENZYL ETHER PORMATION 
KgCO /MeOH 





2N NaOH/benzoyl ch lor ide  
R.T. shake
( 61)
P A ILE D
P A ILE D
P A ILE D
FAILED
(59)
P A ILE D
P A ILE D
BENZOATE PORMATION 
Benzoyl c h lo r id e /p y r id in e
95° 3hr.
P A ILE D
84.
Methyl 2-benz o,y 1-1-cyan o - 1 , 2-dih,ydro-7-h.ydrox.y-l-( 3 ,4 ,3 -  
tr im e th o x y b e n z y l) iso q u in o l in e -6-carb oxy la te  ( 75a)
A so ln  o f  methyl 2 -b e n z o y l-7 -b e n z y lo x y - l - c y a n o - l ,2 -  
d ih y d r o iso q u in o lin e -6-ca rb o x y la te  (4«0g) in dry DMP (40ml) was 
added to a s t ir r e d  suspension of sodium hydride ( 0 . 4gm) in dry 
DMP (5ml) at 0° under N^. When no more Hg was evolved (lOmin), 
3 ,4 ,5 -tr im eth oxyb en zy lch lor id e^ ^  (2 .2 g )  in DMP (lOml) was added 
over 30min. S t ir r in g  was continued fo r  4hr, r a i s in g  to room 
temp, a f t e r  90min. A fter  ex c e ss  sodium hydride had been 
decomposed by the add ition  of MeOH, the so lv en t  was removed at  
40° under reduced pressure to  g iv e  a ye llow  s o l id  which was 
r e c r y s t a l l i s e d  from MeOH as w hite p la te s  (2 .8 6 g ,  61%) m.p. 205°; 
N.M.R. (DMSO), 7 .59  s [5] (N-COG^^), 7 .53  s [ l]  (C^-H), 6 .83  s [  l ]  
(Cg-H), 6 .10  s [ 2] (CgH^O^Me)^), 6 .23  d [ l ]  J=8.0 Hz (C -H ) ,  5*72 
d [ 1]  J=8.0  Hz (C -H ),  3 .87 s [3] (-GOOCHg), 3 .4 5 -3 .6 7  complex 
(-GHg-Ar and 3 % Ar (OCH^)); "U 3050, I 673, I 64O, I 616, 1592, 
1137; A max (Z )' 805 ( l 3 , 7 0 0 ) ,  238 (3 ,0 7 0 ) ;  mass m/e 514 (M+) 
[ 1 . 0%], 105 [ 100%]. (Pound; C, 67. 5 ; H, 5 .2 ;  N, 5 . 4 .
Ĉ ^Ĥ gN̂ O,  ̂ req u ires;  C, 67 . 7 ; H, 5 .1 ;  N, 5.4%).
In an analogous experiment methyl 2 - b e n z o y l - l - c y a n o - l , 2 -  
d ih y d r o -5 -h y d r o x y - l- (3 ,4 ,5 - tr im e th o x y b e n z y l) i so q u in o l in e -6 -  
carboxylate  ( 76) was prepared (72%). R e c r y s t a l l i s a t io n  from 
MeOH afforded white p la t e s ,  m.p. 202-203°; N.M.R. (DMSO), 7 .70  
d [1] J=8.7  Hz, 6 .92  d [ 1]  J=8.7  Hg (C^-H and Cg-H), 7 .59  s [ 5] 
(-N -C O C Æ ), 6 .07 8 [ 2]  (-C ^g-(O M e)^), 6 .41 d [ l ]  J=8 .0  
Hz (G .-H ), 5 .86  d f l ]  J=8.0  Hz (C^-H), 3 .94  s [3](C00CH^),
85.
3 .7 -3 .4  complex [ i l ] (-CH^-Ar and 3 x Ar(OCH^); - U 3060,  I 675,
1640, 1598, 1135; A max (&), 367 ( 7 , 800) ,  260 ( 27 , 600) ,  239 ( 28 , 600);
mass m/e 514 (M+) [o.9%J, 105 [lOO%]. (Pound; C, 67. 5; H, 5 .1 ;
N, 5 . 4 . CggHg^NgOy req u ires;  C, 67. 7 ; H, 5 .1 ;  N, 5.4%).
Methyl 7 - h yd roxy-1 -(3 , 4 , 5 - tr im ethoxybenzyl) i s o g u in o l in e - 6-  
carboxylate  ( 78) .
The a lk y la te d  R e is s e r t  compound (75a) ( l . 8g) was s t ir r e d  at  
room temperature for  30hr under in NaOMe so ln .  (2g Na in  
150ml MeOH). Normal workup fo r  phenolic  b ases  l e f t  an in so lu b le  
yellow  powder ( 80mg) which could not be c r y s t a l l i s e d ,  /  380,
280 sh, 237; A  ̂ (EtOH/NaOH) 38O, 285sh, 237; mass m/e
max
n
369 (M"̂ ) [ 100%], 371 [47%] ; (M"̂  found; 369. 1201; C^qH^^NÔ
req u ires  3^9 .1212).
The NaOMe soln  was th ere fo re  ca u t io u s ly  a c id i f i e d  with dry 
HCl gas and s t i l l  under HCl g a s ,  was heated under r e f lu x  fo r  3hr. 
The cooled so lu t io n  was f i l t e r e d ,  the s o lv e n t  removed, and the  
res id ue  b a s i f ie d  w ith  NaHCÔ  and extracted  w ith  CHCl  ̂ (3 x 50ml). 
The combined CHCl  ̂ e x tr a c ts  were washed (HgO) dried  (MgSO )̂ and 
evaporated to  g iv e  a pale yellow  s o l i d .  R e c r y s t a l l i s a t io n  
from MeOH afforded white c r y s t a l s ,  m.p. 152-3° ( l . 0 9 g ,  8l%); 
N.M.R. (CDCl^) 10.47 s [1] (OH, removed by D^O), 8 . 4O s [ l ]
( C - H ) ,  7 .6 3  s [1] (Cg-H), 8 .3 8  d [ 1] J=6.0  Hz (C^-H),
7 .4 6  d [ 1] J=6.0 Hz (C^-H), 6 .52  s [2] (-CgH2(0CH^)^),
4 .4 9  s [2] (-CHg-Ar), 4 .0 0  s [ 3] (COOCH^), 3 .77  s [ 9] - 
(C^Hg-OCH^) ; I) 8180 broad, I 683, I 632, 1598, 1132;
86.
A max 883 ( 3 , 800) ,  270sh ( 8 , 000) ,  243sh ( 53, 0OO), (g )
(EtOH/NaOH) 4OO, 296, ( 9 ,6 0 0 ) ,  253 (31P»0), mass m/e 383 (M+)
[lOC$] . (Found: C, 65. 9 ; H, 5*5j N, 3 .8 .  ^L^Hg^NOg req u ires:
C, 65. 8 ; H, 5 .5 ;  N, 3 . 7$ ) .
In an analogous experiment methyl 5 - h y d r o x y - l - (3 ,4 ,5 -  
tr im ethoxybenzyl) i s o q u in o lin e -6 -o a r b o x y la te  ( 8 0 ) was prepared 
( 90%) from ( 76) as pale ye llow  c r y s t a l s  from MeOH, m.p. 182-3°;
N.M.R. (CDCl^), 11.86 s [ l ]  (OH, removed by DgO), 8 . 6O d [ l ]
J=6 .0  Hz (C^-H), 8 .0 8  d [1]  J=6.0  Hz (C^-H), 7 .83  d [ l ]  J=8.8  Hz
(Cy-H), 7 .5 5  d [1] J=8.8 Hg (Cg-H), 6 .50 s [ 2] (-C^^^ ^CHg)^),
4 .5 6  s [ 2] (-CHgAr), 3 .98  s [ 3]  (COOCH^), 3 .76  s [ 9]  (-CgH2(0CH^)^); 
t) max 320-3000 I 665, 1635, 1598, 1132; ]] max 354 ( 4 , 8 0 0 ) ,
368 ( 4 , 800) ,  300sh ( 5 , 400) ,  290sh ( 6 ,3 0 0 ) ,  256 ( 22 , 900); mass m/e 
383 (m'*’) [ 100%]. (Found; C, 66.0; H, 5 . 6; N, 3 . 6 . C ^Hg^NO  ̂
req u ires;  C, 65 . 8 ; H, 5»5; N, 3 . 7%).
Methyl 5 -h y d r o x y - l ,2 ,3 ,4 - te tr a h y d r o is o q u in o l in e -6 -c a r b o x y la te  ( 81 )
C a ta ly t ic  reduction of ( 71) (250mg) in EtOH (30ml) using Adam's 
c a t a ly s t  at 60 Ib /sq  in .  fo r  24 hr gave a pale yellow  o i l ;  N.M.R. 
(CDClj) 7 .6 3  d [ 1]  J=8.0  Hz (C,^-H), 6 .58  d [ l ]  J=8.0 Hz ( Cg-H) ,
7 .1  -  6 .4  broad s [ 2]  (-0H and -NH, removed byD^O), 4«1 -  3*85 
complex [ 5]  (COOCĤ  and ArCH' N̂ ) ,  3*3-2 .5  complex [4]  (C^-H^ and 
4̂*”̂ 2^* The HCl s a l t  was obtained as a white s o l id  from MeOH ( 83%)
.p .  284- 6° d . i) 35OO-3OOO, 28OO-22OO ( s e v e r a l  bands), 1675,m max
1432, 1335, 1205, 1090; > ( i )  248 ( 8 , 650) ,  311 ( 3 , 400) ,max
mass m/e 207 (m'^-HCI) [46%], I 78 [50%], 146 [lOO%] m etastable at  
119. 8 . (Found; C, 54*2; H, 5*6; N, 5*7; Cl, 1 5 .O. C^^H^^NO^HCl
req u ires  C, 54.2; H, 5 .7 ;  N, 5 .7 ;  Cl, 14.5%).
87.
Using the same method Methyl 1 , 2 ,3 ,4 - te tr a h y d r o -7 -h y d r o x y - l -
( 3 , 4 , 5 -tr im eth oxyb en zy l) i s o q u in o l in e - 6-ca rh o x y la te  ( 82 ) (540mg, 90%)
prepared from ( 78 ) (600mg) in EtOH ( 150ml) as a pale yellow  o i l ;
N.M.R. (CDClj),  7.62 s f l ]  (G_-H), 6.8O s [ l ]  (Cg-H),
6 .52  s [2] (G^Hg(OMe) ) ,  4 .49  t  broad [ l ]  J=7 Hz (C^-H), 3 .94
8 [ 3]  (COOCH^), 3 .82  s broad [ 9] (3 x Ar-OCH^), 3 .6 - 2 .6  complex
[6 ]  ( a l i p h a t i c s ) ;  1; ^ax (CHCl ) ,  2800-2300, 312Q,I68O, 1595,
1130. The hydrochloride was obtained as an o f f -w h ite  s o l id  from
benzene (575 mg, 80%) m.p. l8 6 - l8 8 ° ;  A _ ( 5 ) ,  320 ( 4 , 050) ,msx
243 ( 12 , 800) .  (Found; C, 59 .2 ;  H, 6 . 4 ; N, 3 .1 .  Gg^H^^NO .̂
HCl req u ires;  C, 59.5; H, 6 .2 ; N, 3.3%).
S im ila r ly  m e th y l l ,2 , 3 , 4 - t e tr a h y d r o -5 -h y d r o x y - l - (3 ,4 ,5 -  
trimethoxybenzyl ) is o q u in o lin e -6 -c a r b o x y la te  ( 8 3 ) was prepared from 
( 8 0 ) .  The free  base was obtained as an o i l  (88%). N.M.R. (CDCl^),
7 .64  d [ 1] J=8.7 Hz (C.^-H), 6 .6 0  d f l ]  J=8.7  Hz (Cg-H), 6 .5  s [ 2 j  
( - C ^ 2 ( 0 ^ ) ^ ) ,  4 .55  t  f l ] ( j= 7 H a )  (C^-H), 3 .93  s [3]  (COOCH^),
3 . 86- 3 .7 0  s broad [ 9] (3 x Ar-OCH^), 3 .6 5 -2 .5  complex [ 6]  ( a l i p h a t i c s ) ;  
^ max ( o i l  f i lm ) ,  2800-2500 sev era l bands, I 680, 1597, 1132. The 
hydrochloride was obtained as a white c r y s t a l l in e  s o l id  from 
benzene ( 80%) m.p. 213-215°; A ^ax 312 ( 3900) ,  248 ( 12 , 700) .
(Found; C, 59 .3; H, 6 .3; N, 3 .2 ;  C^^H^^NO^HCl req u ires;
C, 59. 5 ; H, 6 .2 ;  N, 3.3%).
1 , 2 , 3 , 4-Tetrahydr0 - 7 - hydroxy-6-hydroxym ethyl-l-( 3 , 4 ,5 -  
trim ethoxybenzyl) i so q u in o lin e  ( 14) LAH (0 .1 5 g )  was added 
portionw ise over 0 .5 h r  to a so ln  of the hydrochloride o f  
( 700mg) in dry THF (30m l). The s t ir r e d  mixture was heated  
under r e f lu x  fo r  2hr. and s t ir r e d  at room temperature overnight
88.
The e x c e ss  LAH was c a r e fu l ly  destroyed w ith  a few drops of water 
and the THF removed under reduced pressure at room temperature.
The res id ue  was d is so lv e d  in 2N HCl, b a s i f ie d  (N.aHCO^), and
extrac ted  CHC1^(5 x 20ml). The combined CHCl  ̂ e x tr a c ts  were 
washed with brine (3 x 20ml) dried (MgSO^) and evaporated to  y ie ld  
a yellow  o i l ,  which on standing with benzene s o l i d i f i e d .  
R e c r y s t a l l i s a t io n  afforded a white c r y s t a l l in e  s o l id  (300mg, 51%), 
m.p. 129- 130°; N.M.R. (CDCl^), 6 .63  s broad [ 2] (Aromatic H)
6.43  s [ 2] (Aromatic H), 5*5 s broad [ 3] (removed by D^O),
4 .6 5  s [2] (CHg-OH), 3 .78  8 [ 9]  (3  X Ar OCH ) ,  4 .4 - 3 .6  complex
[ 3] (-CH-CHg-Ar) 3 .3 -2 .4  complex [ 4] (A l ip h a t ic s ) ;  l^max’ 8280 
sharp, 3500- 3200, 1592, I I 3O; A ( 5 ) ,  285 ( 3000); mass m/e 
355-359 c lu s t e r  (M**") fl%J , 1?8 [lOO%] . (Found; C, 67 .0;
H, 6 .9 ;  N, 3 . 8 . CggHg^NO  ̂ req u ires;  C, 66 .8;  H, 7 .0 ;  N, 3.9%.)
In an analogous experiment 1 ,2 ,3 ,4 - t e t r a h y d ro-5-hydroxy-  
6 -h y d ro x y m eth y l- l- (3 ,4 ,5 -tr im e th o x y b en zy l) iso q u in o l in e  ( 8 4 ) 
was obtained in 48% y ie ld  from the hydrochloride s a l t  of (%0 .
The white c r y s t a l l in e  s o l id  m.p. 175-177° was obtained from 
benzene; N.M.R. (CDCl^), 6 .7  doublet of d oublets  [2] (C^-H and 
Cg-H), 6 .47 8 [ 2 ] ( C ^ g  (OMe) ) ,  4 .76  8 H  (-CH^-OH) , 3 .82  s [ 9]
(3  X A rO C H ^ ), 4 .5 -3 .7  complex [ 3] ( - C H - C H ^ - A r ) , 3 ,4 - 2 .4  complex
[ 4]  (4 X a l ip h a t i c  H ) ;  ~o 3300sharp, 3200-2600 broad 1598,
I I 4O; A max G5)* 278 ( 2000); mass m/e 355-359 c lu s t e r  (M^) [l% ],
178 [ 100%]. (Found; C, 66.8; H, 7 .0 ;  N, 3 .9 ;  Gg^H^^NO  ̂ req u ires;  
C, 66 .8;  H, 7 .O; N, 3.9%).
89.
I s o la t io n  of the pavine ( 8 7 ) or isopavine (66) and the iso q u in o lin e  
d e r iv a t iv e s  ( 6 3 ) and (8 6 ) .
On one occasion the l -h e n z y l is o q u in o l in e  ( 78) formed in the  
normal manner from (75&) by treatment w ith  NaOMe, fo llow ed by 
MeOH/HCl, was separated by P.L.C. on s i l i c a  from three minor 
components. E lu tion  with C^H^/CHCl^, 50/50 afforded at Rf 0 .7  
a white c r y s t a l l in e  s o l id  (3^)> m.p. 198-200° (MeOH) N.M.R. (CDCl^)
8 .6  s [ 1] and 7-78 s [l](Cy-H. and Cq-H) , 6 .52  d [ l ]  J=6 Hz and
7 .83  d [ 1] J = 6  (C^-H and 0^-H) ,  4 .05  s [3](C00CH^,) 10 .78 s [ l ]
(oh , removed by DgO; 1) 3200 broad, 2220 (weak) I 698 (broad),
1495, 1295; } \  390, 280sh, 240; mass m/e 228 (M*̂ ) [lOO/o],
196 [lOO/o] ; (m’*' found: 228.0536; req u ires  2 2 8 .0 5 3 5 ) .
This compound was considered to  be methyl 1-cyano-7 - hydroxyisoquinoline-  
6-carboxylate  ( 8 5 ) .  At Rf 0 .8  tr a c e s  of a fu r th er  component, 
t e n t a t iv e l y  assigned the e s t e r  structu re  (8 6 ) ,  was i s o la t e d  ( l^ )
E 3200 broad, 1743, I 69O; ^ 390, 285sh, 240; mass m/e
261 (M"̂ ) [lOO^], 246 [ 60^ ] .
From the slower running fr a c t io n s  of t h i s  chromatographic 
separation  a white c r y s t a l l in e  s o l id  (X) (15^) "was is o la te d  m.p. 264° 
(MeOH). This was considered to  be e i th e r  the pavine ( 87 ) or the  
isopavine (8 8 ) ;  N.M.R. (CDCl^), 10.48 s . [ l ]  (-0H, removed by 
DgO) 7 .55  s [ l ]  (aromatic H), 7 .45  complex [ 5 ] (E-COC^H^), 7 .0  s [ l ]  
(arom atic H), 6 .3  s [ l ]  (arom atic H) 5 .40  d J=1.6  Hg and 5 .31  d 
J=1.6 Hz [ 1] (methine H) ,  3 .84  s [ 3] and 3 .55 s [ 3] and 3 .7  s C 9 J  
(2  X COOCĤ  ̂ plus -C^H2-(0CH^)^) , 4 .3 -2 .7  complex [ 4] ( a l i p h a t i c  H) ;
V  3100 broad, 1745, 1685, 1655, 1625; (&) 3 2 2 (3 ,4 0 0 ) ,
d a J C  ulcUL
245( 12, 600); mass m/e 547 (M"̂ ) [37/°] , 486 [6o/o] , 426 [90/o],
105 [lOOÿ]. (Found: C, 65.90; H, 5 .3 ;  E, 2 . 4 . ^3q^29^^9 
req u ires:  C, 65 . 8 ; H, 5*3; E, 2 , 6 f o ) ,
90.
Attempted degredations o f  (X)
Compound (X) (275mg) was treated  w ith  NaOH soln  (20ml) at  
steam hath temperature fo r  4hr. A c id i f i c a t io n  of the cooled so ln  
w ith  HCl and e x tr a c t io n  in to  OHCl  ̂ afforded a white s o l id  
(194 mg, 73^) m.p. 281- 4° which was considered to  he the acid  
d e r iv a t iv e  (95) or ( 9 6 ); part N.M.R. (CDGl^) 7 , 6- 7 .4  hroad [ 6 ],
6 .95  s [ 1] 6 .30  s [ 1] (2  X  aromatic H), 5 .35  hroad s [ l ]
(methine H), 3 .6 8  s [9]  (C^Hg(OCH^)^) 3 .51  s [ 3]  ( GOOCH ) ,
■^maz 3500- 2600, 1739, 1684, 1644; ^ 312; }  (EtOH/UaOH)
313; mass m/e 533 (M*) [ 90^ ] ,  474 [96^], 412 [lOO)^]. (m'̂  founds
533. 1676; Cg^HgyNO  ̂ req u ires  533. 1686) .
Compound (X) (l40mg) was heated at 110° in polyphosphoric acid  
(4ml) for  2 hr. A fter  t h i s  time a white s o l id  (l4mg) id e n t i f i e d  
as benzoic  acid by comparison of I .R . and M.S. w ith  an au th en tic  
sample had sublimed from the rea c t io n  m ixture. Examination of  
the residue afforded nothing id e n t i f i a b l e .  The acid (95) or (96)  
(45mg) was heated under r e f lu x  in EtOH (l5m l) and Na metal (0 .3 g )  
fo r  20hr. A c id i f i c a t io n  of the cooled so ln  with HCl and 
ex tr a c t io n  in to  CHCl  ̂ afforded s ta r t in g  ac id  (27mg).
Benzoylation  of nor-am urensinine.
Nor-amurensinine^^ ( 30mg) in NaOH (10^, 3ml) was shaken 
for  20min w ith  benzoyl ch lor id e  (0 .2 m l) .  The mixture was 
extracted  in to  CHCl  ̂ (4 % 5ml) and the bulked e x tr a c ts  washed 
with':2N NaOH, 2N HCl and H^O, dried (MgSO^) and evaporated. 
T ritu r a tio n  of the res id ue  w ith  e th e r  afforded an amorphous s o l id  
( 30mg) ,  E 1628; mass m/e 429 (m"*") [ l l ^ ]  , 308 [ i f o ] ,
324 [ 4 % ]  , 295 [9Cffo] , 105 [ 100#] , m etastable at 203.
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1. Background to  the isopavine r in#  system .
When papaverine ( l )  i s  reduced with t i n  and hydrochloric  
acid the major product i s  the expected tetrahydropapaverine ( 2 ) ,  




( 1 ) ( 2 )
During the in v e s t ig a t io n  on the s tru cture  o f  pavine, Schopf 
proposed two p o ss ib le  s tr u c tu r e s  fo r  the hase i . e .  (3,R=H) and 
(4>R=H), and subsequently the former was shown to  he co rrec t  by
1 1
1 . NRy 1
(3 ) (4 )
degradative s tu d ie s .  A s a t i s f a c t o r y  mechanism f o r  the formation  
of ( 3 ) was proposed^. The isom eric base (4,R=H) was g iven  the
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t r i v i a l  name isopavine by Battersby and Y eowell, who showed^ 
that t h i s  was the main product obtained from mineral acid  
treatment of the benzylam inoacetal ( 5 ) .  The isopavine r in g  
system ( 6 ) ,  1 0 ,11-dihydro-lO,5-iminomethano~5 H^hibenzo[a,d]-
MeOv ,OMe 
M e O r ^
NR
(5) (6)
cycloheptene i s  numbered as in d ica te d .
2. Occurrence o f  isopavine a lk a lo id s .
A lk a lo id s  based upon the pavine r ing  system have been known 
fo r  some time^*^ but an in t e r e s t in g  recent development has been 
the i s o la t i o n  from plant sources and c h a r a c te r isa t io n  of the  
isopavine a lk a lo id s .  Table I summarises those  n a tu r a lly  occurring  
compounds and fo r  completeness in c lu d es  those  prepared in v i t r o .
Table I
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3» E lu c id a tio n  of s tru ctu re  of isopavine a lk a lo id s
The structures of the isopavine a lk a lo id s  have been deduced, 
in the main, by Hofmann degradation procedures and by in te r p r e ta t io n  
o f  mass s p e c tr a l  fragmentation p a ttern s .  Although the former 
method i s  s a t i s f a c t o r y  fo r  the determ ination of  the b a s ic  sk e le to n  
presen t,  i t  can be, as shown below, ambiguous for  the p lac in g  of  









The s tr u c tu r e s  o f  amurensine (6a) and amurensinine (6b)
12were e lu c id a ted  by Santavy e t  a l  who showed th at the methine 
base (8 )  of amurensinine was formed in small y i e ld  along w ith  
the normal degradation  product (? ) •  Exhaustive Hofmann 






(6a ) am urensine (8 )
expected bism ethine (9)> which showed very s im ila r  sp e c tr a l  




i so p a v in e s .  The methylenedioxy fu n ction  was placed as a r e s u l t
of potassium permanganate degradation s tu d ie s .  The free  hydroxy
group cf amurensine (6a) was not placed with any cer ta in ty  by
15Santavy e t  a l ,  but was show l a t e r ,  by s y n th e s is  , to  be at  
p o s it io n  Gg.
D o lejs  and Hanus^^ confirmed these  assignments in a study of  
the mass sp ec tra  of both a lk a lo id s .  The fragmentation p a ttern ,  
d iscu ssed  in Chapter I o f  t h i s  t h e s i s ,  p . 60-1, i s  summarised in
101.
Scheme I




















b a se  peak
102.
Scheme I ,  ■which e x p la in s  the formation of the hase peak ion "a"
from isom ér isa t ion  of the ion ised  molecule to the imminium ion
"c" with the simultaneous opening of the h e n z y lic  br id ge . The
fragmentation pattern o f  isopavine  a lk a lo id s  i s  simple but s p e c i f i c
enough for  the id e n t i f i c a t io n  o f  t h i s  group from other typ es  o f
17a lk a lo id s  in c lu d in g  the c l o s e l y  re la ted  pavines .
S lav ik  e t  al^^ reported the i s o la t i o n  and c h a r a c te r is a t io n  of  
of the two laevoratory  isopavine a lk a lo id s ,  reframine (6d) and 
refram idine (6c)^^ . The f i r s t  Hofmann degradation product (lO)
(6 d) R=OMe re f ra m in e  
(6 c) R R = 0 CH2 0  re fra m id in e
of refram ine, although chem ica lly  id e n t ic a l  w ith  2-m ethyl-  
amurensinine methine (7 )  showed a mirror image o p t ic a l  ro ta tory  







o f  the s u b s t i tu e n ts  in the aromatic n u c le i i  of the natura l products.
103.
In the same study^^ a phenolic  isopavine  a lk a lo id  c a l le d  
refram oline was i s o la t e d .  I t s  I .R . and U.V. spectra  were very  
s im ila r  to  those o f  reframine (6 d ) ,  and monomethylation of  
refram oline gave a base id e n t ic a l  w ith  refram ine. The p o ss ib le  





(6 g) R"! = Me ; R2 = H  
(6 h) R-] = H , R2  = Me
by i t s  mass sp e c tr a l  c h a r a c t e r i s t i c s ,  but the p o s it io n  of the  
phenolic  hydroxy group was not determined. The ob ject  o f  the  
work described  in t h i s  chapter i s  to  s e t t l e  t h i s  u n cer ta in ty .
4. S tereochem istry  and B io sy n th e s is  of pavine and isopavine a lk a lo id s  
The ab so lu te  con figu ra tion  of the isopavin e  a lk a lo id  ( - )  
amurensine i s  dep icted  in ( l l ) ,  and was deduced^^ by c ir c u la r  
dichroism ( c .d )  s tu d ie s  analogous to  th ose  employed in the study  







1 2"been stud ied  by degradative methods • In both pavine and
isopavine a lk a lo id s  the n itro g en  bridge i s  s i tu a te d  below the
19 27V plane of the m olecu les ,  and Shamma and Moniot suggest the  
p o s s i b i l i t y  o f  a common b io g e n e t ic  precursor such as 4-hydroxy-  
r e t i c u l in e  (1 3 ) ,  which depending on the plant fam ily  or genus, 
i s  c y c l i s e d  d ir e c t ly  to  an isopavine sp e c ie s  or a l t e r n a t iv e ly  
undergoes dehydration, double bond iso m ér isa t io n  and intram olecular  














2 7  2%
E a r l ie r ,  Dyke e t  a l  ‘ ’ had speculated  th a t  4-hydroxy-
norlaudanosoline ( I 4 ) may he the formal precursor of a d iverse
group of a lk a lo id s  para lle ll ing  those  d er ivab le  from norlaudanosoline  
5













cataline (16) steporphine (17)
from plant sources o f  such a lk a lo id s  as ( 15)^^, ( l6 )^ ^  and ( l? )  
As the aporphine group of a lk a lo id s  are considered to  be 
b io sy n th e s ise d  from 1 -b e n z y liso q u in o lin e s  through phenolic  
coupling^, such intermediacy of 4-hydroxy-norlaudanosoline ( 14) 
i s  p o s s ib l e .  Table 2 shows some of the other groups of  
iso q u in o lin e  a lk a lo id s  which have been i s o la t e d  w ith in  the  














X ! (D (D (D eu
eu 3 3 3U •1-1 •i-i •1-4 o
CD o X I U eu t—J
3 Cu D. CD o o
»r-4 Cd U ,e i -p N
> o O A o 3
cd u eu CD ei (D
eu Qj cd X 34 X
argemone -  + _ -  + + +
cryptocarya -  + -  + -  -  -
e s c h s c h o lt z ia  -  + _ _ _ + +
papaver + -  + + + + +
roemeria + -  + + + + -
tha lictrum  + + -  + + -  -
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5* S yn th es is  o f  isopavine a lk a lo id s .
Several sy n th e t ic  methods have been used to  confirm the  
s tr u c tu r e s  o f  the a lk a lo id s  d iscu sse d  and the f i r s t  in v o lv e s  the 
treatment o f  the am inoacetal (5 )  w ith m ineral acid^. By analogy  
w ith  the double c y c l i s a t io n  of the aminoacetal ( l 8 ) t o  ( 2 0 ) ,  which
MeO OMe
M eO |< ^ ^  ^  
M e o U :^ ^ A ^ N R
( 5 )











2 0i t  was p ostu la ted  th a t  the c y c l i s a t io n  of (5 )  a lso  involves  prior  






( 2 1 )
29Although there i s  c ircu m sta n t ia l  evidence fo r  such intermediacy  
the only au th en tica ted  example^^ i s  (23) formed by acid treatment 
of the a c e ta l  ( 2 2 ) .  The e le c tr o n  d e f ic ie n c y  o f  the n itroph en y l
E t a  O E t
.NH NH
( 2 2 ) (23)
r ing  presumably prevents n u c le o p h i l ic  displacem ent of the 
4-hydroxy group to  g ive  the isopavine system.
109
Subsequently amurensinine (6b) was synthesised^^ by the  
route summarised in Scheme 3 in which the S c h i f f s  base (24)  
was prepared by condensation of arainoacetaldehyde dimethyl a c e ta l  
w ith the deoxybenzoin (25a). Subsequent reduction  and c y c l i s a t io n  
afforded the NH isopavine (26) which was N-methylated by 
treatment w ith  formaldehyde fo llow ed  by sodium borohydride.
From the appropriate ketones (2 5 ) ,  th a l iso p a v in e  (6 f)^ ^ ,  
reframine (6d) and reframidine (6c)  were s im i la r ly  prepared.
23
Dyke and E l l i s  , in an a l t e r n a t iv e  approach, generated  





(21,R  = Me)
by treatment o f  2-methy1 - 1 , 2 , -dihydropapaverine w ith  diborane 
fo llow ed by hydrogen peroxide . C y c lisa t io n  o f  (2 1 ,  R*Me) using  
mineral acid afforded o -m eth y lth a lisop av in e  ( 6 j ) .  In a 
subsequent paper^^ the same authors reported an analogous s y n th e s is  




- 1 0 OMe
OMe














l -b e n z y l - l ,2 -d ih y d r o i s o q u i i io l in e s  ( 27a) and (27b),  which were 
prepared v ia  the R e is s e r t  rea c t io n  as o u t l in ed  in Scheme 4*
•NMe
(27a) Ri = OCH2 Ph,R 2 =OMe 













1 1 2 .
6 .  OBJECTIVES
The subject  o f  the work described  in t h i s  chapter i s  the 
preparation o f  the two p o s s ib le  isom eric  s tr u c tu r e s  o f  refram oline  
(6g) and ( 6h) fo r  comparisons w ith  an au th en tic  sample o f  the 
a lk a lo id .  I t  was planned to  use the phenolic  deoxybenzoins
Me 
(6 g) R-] = H , R2 = Me 
(6 h) Ri = Me, R2 = H
( 25b) and ( 25c) in an analogous manner to  that described  in  
Scheme 3 ( p . 110 ) .  Numerous attempts^^ to  sy n th es ise  th ese
4
(2 5 b )  Ri=OH/^2=0'^<2,R3R4=OCH20  
(2 5 c )  R i=0 M e ,R 2 = 0 H,R 3 R^=0 CH2 0
deoxybenzoins, however, have r e su lte d  in f a i l u r e ,  and as the  
general methods a v a ila b le^ ^ ’ ^’^’ heem u nsu itab le  a more 
v e r s a t i l e  method was sought.
113.
DISCUSSION
1. Deox.ybenzoin syn th es is»
A v e r s a t i l e  deoxybenzoin s y n th e s is  was reported by Hauser 
e t  a l3 3 a ,b  which the am in on itr i le  ( 28) i s  a lk y la ted  w ith  a 
benzyl h a lid e  in the presence o f  potassium amide in l iq u id  
ammonia. Dehydrocyanation o f  tae product (29) forms the 
enamine ( 3 0 ) , acid h y d ro ly s is  of which g iv e s  the deoxybenzoin  











i s  su rp r is in g  in view of the a v a i l a b i l i t y  o f  am in on itr i les^ ^ ^ '^ '°*^ ,  
and the p o s s ib le  s y n th e t ic  u t i l i t y  o f  deoxybenzoins^^^’^’ ° 
e s p e c ia l ly  in a lk a lo id  sy n th es is^ ^ ’ ^^^’^’ The two methods
most commonly used fo r  the preparation o f  a m in o n itr i le s  are (a )
114.
treatment of an amine hydrochloride and sodium cyanide w ith  ah 
aldehyde in aqueous alcohol^^^, or (h) rea c t io n  of an amine and 
sodium cyanide with the b is u lp h i t e  ad d it ion  complex o f  an aldehyde^^^. 
Method (a) was found in the author’ s experience to  be the more 
su c c e ss fu l  for  the preparation of the a m in o n itr i le s  (32a -c )  




(32a) Ri = OCH2 P h ,R 2 =OMe  
(32b ) Ri = OMe, R2 =OCH 2 Ph 
(32c) Ri = R2 = 0 Me 
(32d) Ri = O H , R2=0M<2
A lk y la t ion  of (32c) w ith  benzyl ch lor id e  in the presence of  
potassium amide in l iq u id  ammonia, fo llow ed by dehydrocyanation  
and acid treatment of the enamine afforded a d isap poin tin g  y ie ld  
(35^) of the deoxybenzoin (3 3 a ) .  Attempts to  improve t h i s  y ie ld
Rl
Rc
(33a) R-] = R2=0M<2, Rg=R^=R^=H 
(33 b) Rl= 0 C H 2 P h , R 2=0M e , Rg= H , R3R^=OCH20 
(33c) Ri=OMe,R2=OCH2Ph, R5=H,R3F^=0CH20
\ < ^ P 3  (33d) R2 =O C H 2 P h ,R i= R 3 =R4 =R5 =OMe  
Rg (33e) Ri = R2=R3=R/^=OMe, Rg=H
115.
u t i l i z i n g  sodium d iisopropylam ide, in stead  of potassium amide 
in l iq u id  ammonia f a i l e d ,  but sodium hydride in dimethylformamide 
(D.M.P.) f a c i l i t a t e d  a lk y la t io n  and the deoxybenzoins (33a -e )  were 
prepared in good y ie ld  using t h i s  m o d if ic a t io n .  A range of
37deoxybenzoins were subsequently syn th es ised  in th ese  la b o r a to r ie s  , 
to  demonstrate the v e r s a t i l i t y  of t h i s  r e a c t io n ,  and in term ediates  




of t h i s  technique for  unsymmetrically s u b s t itu te d  phenolic  
deoxybenzoins was demonstrated by the h ydrogenolysis  o f  (33b)  
to g ive  a high y ie ld  o f  (2 5 1 )•  I t  was found th a t  i f  the rea c t io n
(25b)
I l6 .
was stopped a f t e r  the uptake of only one eq u iva len t  o f  hydrogen 
the carbonyl function  was not a f f e c t e d .
Imine formation
The f i r s t  attempt to construct the required benzylbenzylamine 
system involved  the condensation of  N-methylaminoacetaldehyde-  
d ie t h y la c e t a l  w ith  the model ketone (33©)• Only s ta r t in g  m a ter ia l ,  
however, could be recovered using a v a r ie ty  o f  co n d it io n s  based on
EtO OEt
U ;:^ O M e
(33e ) (35)
the a zeo tro p ic  d i s t i l l a t i o n  method. When the reac t ion  was 
conducted in methanol in the presence of c a u s t ic  soda, in a d d it ion  
to unchanged k etone, a product was i s o la t e d  which ex h ib ited  a 
carbonyl absorption  frequency in i t s  I .R .  spectrum at 1650cm 
20cm lower than the deoxybenzoin. This compound showed no 
absorption in i t s  N.M.R. spectrum due to a b en zy lic  methylene group 
and from i t s  mass spectrum was shown to p o ssess  a molecular weight  
of 330 c o n s is te n t  w ith the v e r a t r i l  s tru ctu re  (3 6 ) .  The base  
peak of the spectrum was p red ic tab ly  a t  l65m/e, and the m elting  





T he I . R .  c a r b o n y l  s t r e t c h i n g  f r e q u e n c y  o f  l 6 7 0 c m ~ ^  e x h i b i t e d  
b y  d e o x y b e n z o i n s  i n d i c a t e s  a  d i m i n i s h e d  r e a c t i v i t y  t o w a r d s  
n u c l e o p h i l e s  c o m p a re d  w i t h  b e n z a ld e h y d e  ( iT O O c m ” ^ ) .  The 
c o n d e n s a t i o n  t o  g i v e  ( 3 5 )  r e q u i r e s  t h e  f o r m a t i o n  o f  a  C=N^ 
o r  a  C=C w h i c h  i s  e n e r g e t i c a l l y  l e s s  f a v o u r a b l e  t h a n  f o r m a t i o n  
o f  t h e  i m in e  ( 3 7 )  w h i c h  w a s  show n  t o  f o r m  r e a s o n a b l y  r e a d i l y .  
R e a c t i o n  o f  t h e  k e t o n e  ( 3 3 b )  w i t h  a m i n o a c e t a l  r e q u i r e d  h e a t i n g  u n d e r  
r e f l u x  i n  t o l u e n e  w i t h  a  t r a c e  o f  p - t o l u e n e s u l p h o n i c  a c i d .
A m i n o r  p r o d u c t  o f  t h i s  r e a c t i o n  a n a l y s e d  f o r  and
e x h i b i t e d  a b s o r p t i o n s  i n  i t s  I . R .  s p e c t r u m  a t  1 6 3 0  and  3280cm  
I t s  R . M . R .  s p e c t r u m  (p162) show ed  t h a t  t h e r e  w a s  n o  m e t h y l e n e -  
d i o x y  f u n c t i o n ,  b u t  t h a t  t h e  a r o m a t i c  m e t h o x y ,  t h e  b e n z y l  e t h e r  
and  a c e t a l  g r o u p i n g s  w e re  p r e s e n t .  T h e  co m p o u n d  w as  a s s i g n e d  
s t r u c t u r e  ( 3 8 )  w h i c h  a l s o  e x p l a i n e d  t h e  s l i g h t l y  e x t e n d e d  
b e n z e n o id  r e d - s h i f t  c o n j u g a t i o n  show n  i n  i t s  U . V .  s p e c t r u m .
N o p r e c e d e n t  f o r  t h i s  t y p e  o f  r e a c t i o n  c o u l d  b e  t r a c e d  b u t  
Scheme 5 i s  t e n t a t i v e l y  s u g g e s t e d  t o  e x p l a i n  i t s  f o r m a t i o n ,  
a l t h o u g h  n o  3 > 4 - f n e t h y l e n e d i o x y  t o l u e n e  w a s  f o u n d .
118 .
Scheme 5














The r ea c t io n  was repeated using the tetram ethoxy ketone  
(3 3 e ) ,  hut none of the corresponding amide was d e te c te d .  In 
a d d it ion  to  the expected S c h i f f s  hase only v e r a t r i l  ( 36)
was i s o la t e d ,  a known side  reac tion  under th ese  con d it ion s  •
119.
2 . A m inonitr ile  route to  isop av in es  and pavines»
In order to  s y n th e s ise  the des ired  isom eric isop av in es  (6g)  
and ( 6h) a more in t e r e s t in g  and novel ex ten s io n  of  the a m in on itr i le  
route was in v e s t ig a te d ,  in preference to the e lab ora tion  of the  
deoxybenzoins. I t  was the in ten t io n  to  prepare the required  
benzylberizylamines (39) and (40) by reduction  of  the enamines ( 41 ) 
and ( 42) formed by a lk y la t io n  and dehydrocyanation of the novel  





(43) Ri = OCH2Ph,R2=OMe








(A1) Ri = 0 C H 2 P h  , R 2 = 0 M e  
(A2) R^=OMe, R2=OCH2Ph
120.
A m inonitr ile  formation
Although the sodium b is u lp h ite  method f a i l e d  to  g iv e  a 
good y ie ld  o f  the required am in on itr i le  (43) the a l t e r n a t iv e  
procedure which in v o lv e s  treatment o f  the aldehyde w ith  
N -m ethylaceta ldehyded iethy l a c e ta l  hydrochloride and sodium 
cyanide afforded  a v isc o u s  pale yellow  l iq u id ,  the I .R .  
spectrum of which showed an absorption a t  2215cm  ̂ a t tr ib u ta b le  
to  the n i t r i l e  group. The N.M.R. spectrum contained a s in g le t  
absorption at 5*01 corresponding to  the me th ine proton alpha  
with resp ec t  to  the n i t r i l e  group. A high r e s o lu t io n  mass 
measurement of the m olecular ion confirmed the m olecular formula  
of C^^H^^NgO  ̂ and the s tru ctu re  (4 3 ) .
An analogous rea c t io n  w ith  aminoacetaldehydedimethyl a c e ta l  
hydrochloride and veratraldehyde gave (45) which on treatment
MeO
M eO








wi t h  base afforded the known s c h i f f s  base ( 46 ) .
121.
The A lk y la t ion  rea c t io n
A lk y la t io n  of (43) w ith  3>4-methylenedioxyhenzyl ch lor id e  
in the presence of sodium hydride in w ith  subsequent
e l im in a t io n  of HCN in vacuo afforded an o i l  which was shown by 
i t s  I .R . spectrum to p o ssess  no n i t r i l e  group. The mass 
spectrum of t h i s  m ateria l e x h ib ite d  a peak at m/e 505 which 
p e r s is te d  at low e le c tr o n  v o l t a g e .  Attempts to  purify  by 
d i s t i l l a t i o n  were unsuccessful^^sowhat was assumed to be the  
crude enamine ( 4 l )  was trea ted  w ith  sodium borohydride in hot




aqueous ethanol and the b a s ic  product ex trac ted  from ether  in to  
i c e -c o ld  d i lu t e  a c id .  Examination of t h i s  by T.L.C. showed 
the presence of  one major and one minor product, which were 
separated by P.L.C. The N.M.R. spectrum of the major product 
showed an N-methyl absorption at 2.35cT and the presence o f  a 
methylenedioxy fun ction  at 5 *9 2 cf and two eq u iva len t  ethoxy
122.
groups. A low in te n s i ty  molecular ion at 507 m/e was ev ident  
in  the mass spectrum and peaks corresponding to  the fragmentation  
and lo s s  of the a c e ta l  fu n c t io n ,  were prominent. A f a c i l e  lo s s  
of the methylenedioxy benzyl fun ction  (m/e 135) from the molecular  
ion was a ls o  ev ident which i s  c o n s is te n t  w ith  the required  
stru ctu re  (39t>)« The minor component, whose N.M.R. spectrum
EtO. O E t
PhCH^Of^:^
MeO
EtO. O E t
P h C H g O i^ ^
M e o C v - O ^ N M e
(39b) (47 )
d if f e r e d  mainly from th a t  o f  (39L) hy the absence o f  peaks due to  the  
methylenedioxy benzyl group, and the presence o f  a two proton 
s in g le t  at 3«15<3 , was assigned  the stru ctu re  (47)* I t  i s  
probable th a t  t h i s  re s u lte d  from a hydride ion displacement  
o f  the n i t r i l e  group in some unalkylated  am in o n itr i le  (43)
(rou te  a ) ,  or by reduction  o f  the imminium s a l t  ( 48 ) ( r o u te S ) .
Although much l e s s  l i k e l y  there i s  a fu r th er  p o s s ib le  route  
by which (47) could be formed which i s  considered in the l i g h t
Û
of a report that cleavage occurs in the reduction  of
1 2 3 .
EtO, .OEt















Route A Route B
l-b en zy l-l,2 -d ih y d ro iso q u in o lin es  o f  the type (48) with potassium  
borohydride, to  g ive  the l ,2 ,3 > 4 “'t:etrahydroi3oquinoline and a 
to luene d e r iv a tiv e . The p ostu lated  mechanism (Scheme 6) suggests  
the interm ediacy o f  an isoquinolin ium  s a l t  (4 9 ) , th is  author 
suggests th at i t  i s  more l ik e ly  that the enamine (48) would be 












NMe rU ^ ; / N 0 2
However, the lo s s  of a su b s t itu en t  would r e ly  on i t s  a b i l i t y  
to s t a b i l i s e  a n egative  charge. The n it r o  group in ( 48 ) 
presumably f a c i l i t a t e s  the c leavage whereas the methylene  
dioxybenzyl group in (3%) i s  l e s s  l i k e l y  to promote a s im ila r  







(3 9 b ) (38)
was su g g es ted  on page 1 1 8  to  e x p la in  th e  fo rm a t io n  of  the  amide (38)
C y c lisa t io n  of (39) w ith  hydroch loric  a c id .
Thus fa r  in the d es ired  isopavine sy n th e s is  the novel  
a m in o n itr i le  (43)> prepared d ir e c t ly  from v a n i l l i n  o-henzyl e th er  
i s  converted d i r e c t ly  to the a lk y la ted  a c e ta l  (39) contaminated  
with up to  10^ of ( 47) .
EtO. OEt 
P h C ^ O ^  \
M e 0  N M e
R
( 4 3 )  R = CN
( 39) R = 3,4-methylenedioxybenzyl
(47 ) R= H
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Experim entally  i t  was found s a t i s f a c t o r y  to carry out the double 
c y c l i s a t io n  on the impure a c e ta l  (39) and to  p urify  the products  
by P.L.C. By t h i s  means treatment of the mixture with s ix  
normal hydroch loric  acid at room temperature fo r  s ix te e n  hours 
fo llow ed by four hours at steam bath temperature gave a good y ie ld  
of phenolic  b a ses .
Chromatographic separation  of the rea c t io n  product on alumina 
afforded a white c r y s t a l l in e  s o l i d ,  the N.M.R. spectrum of which 
showed the presence o f  four aromatic protons, confirming th a t  double 
c y c l i s a t io n  had occurred. The mass spectrum showed a m olecular ion  
at 325 m/e, a peak at M*^-l, and a prominent peak at (M*^-43) which i s  
in accord w ith  the expected "bridge loss"  observed with the  
isopavine s k e le to n .  The isopavine stru ctu re  (6g) was supported
(6g)
by the presence of a base peak in the mass spectrum corresponding  
to the i s o q u in o ly l  ca t ion  ( 50 ) ,  ( s e e  p 1 5 4 ) .
NMe (50)  
+
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Chromatographic separation  of the re s id u e s  on s i l i c a  afforded  
a second phen olic  base, as a c r y s t a l l in e  s o l id  from aceton e .  I t s  
N.M.R. spectrum exh ib ited  absorptions  due to four aromatic protons, 
and m ic r o a n a ly t ic a l  data confirmed an em pirica l formula of  
^19^19^^4* mass spectrum confirmed the pavine s tru ctu re  ( 5 l )
by the presence of base peaks corresponding to  the iso q u in o ly l  
c a t io n s  (50) and (5 2 ) .  No peak corresponding to  M"̂ -43 was 





Preparation and c y c l i s a t io n  of ( 40)
In order to  prepare the isom eric isopavine structure  (6h) 
an e x a c t ly  analogous route was fo llow ed which involved the  
formation of the am in on itr i le  (44) and i t s  e lab ora tion  by 
a lk y la t io n ,  dehydrocyanation, and i t s  reduction  to  the 
benzylbenzylamine ( 40) ( f o r  N.M.R. sp ectra  see p 151 ) .  Small 
amounts of the unalkylated  m ateria l (53) were formed, and 
although a sample o f  the mixture was separated by P.L.C. 
fo r  s tr u c tu r a l  confirm ation, i t  was preferred to  c y c l i s e  the
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EtO. ,OEt 
M e O r ^  
PhCH20k^^xV^NMe 
R
( A O )  R - 3 , A - m e t h y l e n e d i o x y b e n z y l
(44) R=CN
(53) R = H
mixture as b e fo re ,  and to remove the im p u r it ie s  from the phenolic  
bases by chromatography. This was achieved by s t ir r in g  the  
bases  in chloroform w ith  s i l i c a ,  then f i l t e r i n g .  Removal 
of the so lv en t  afforded the pavine (54) ( 15^)> which was 
r e c r y s t a l l i s e d  from a ceton e .  Methanol washings of the s i l i c a
(54) ( 6 h )
were chromatographed on alumina to  afford  the isopavine (6h) in  
9^ y i e l d .  The m icr o a n a ly t ica l  and s p e c tr a l  data ( fo r  N.M.R. 
spectra  see page 154 ) were in accord with th ese  assignments of  
s tr u c tu r e s ,  the c h a r a c te r i s t ic  mass sp e c tr a l  fragmentation  
p a ttern (see  page 154) being the most u se fu l  means o f  d i f f e r e n ta t io n .  
I t  was noted , that the two pavines ( 5 l )  and (54) exh ib ited  u .v .  
sp ectra  in ethanol which were very s im ila r  to those of the  
iso p a v in es  (6g) and (6 h ) ,  and th a t  a l l  four compounds show 
bathochromic s h i f t s  in the presence of a l k a l i .  However, the
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sp ectra  of the two pavines In hexane were reso lved  in the
39290nm region in to  f i v e  peaks , whereas the isopavine compounds 
did not e x h ib it  t h i s  phenomenon.
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3. The a lk a lo id  Caryachine; structure  ( 5 l )  or (34)?
The a lk a lo id  caryachine was i s o la te d  by Japanese workers 
in i t s  racemic and o p t i c a l ly  a c t iv e  foiros and was assigned  the 
s tructure  ( 5 l )  or (54) on the b a s is  of degradative and sp e c tr a l  




(51) R-] = H , R2 =Me
(54) R'|=Me,R2=H
(55) RT = CH2 P h ,  R2 =M e
(56) Ri = Me , R2 = CH2 Ph
t h e s i s  two Indian workers reported^^ the sy n th e s is  of th ese  two 
pavines by c y c l i s a t io n  o f  the 1 , 2 -d ih y d ro iso q u in o lin es  (55) and 
( 56) w ith  a phosphoric acid and formic acid m ixture. The 
pavine ( 51) was shown by m elting  point (239-41°)>  mixed m elting  
poin t,  T .L .C ., N.M.R., I .R .  and U.V. to  be id e n t ic a l  w ith  the  
n a tu r a lly  occurring d l-c a r y a c h in e . The T.L.C. c h a r a c t e r i s t i c s ,  
N.M.R. and U.V. sp ectra  of the a l t e r n a t iv e  stru ctu re  (54)  
(m elting  point 195-*6°)  were a lso  id e n t ic a l  w ith  those of the
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racemic a lk a lo id ,  but i t s  I .R .  spectrum showed s l ig h t  d i f f e r e n c e s .
The pavine ( 51) prepared herein by the am in on itr i le  route  
has a m elting  point of 240 -1° ,  and an N.M.R. spectrum the same 
as that reported fo r  the a lk a lo id  caryachine. Isomer (54)  
however, prepared by t h i s  route has a m elting  point o f  206- 7°
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which i s  h igher than that quoted by Natarajan and Pai . The 
N.M.R. sp ectra  of the two isomers prepared here, were obtained  
in  four d i f f e r e n t  so lv e n ts  and are reproduced on page 153 , where 
i t  can be seen that in the aromatic region there are s ig n i f i c a n t  
d if f e r e n c e s  in the two sp ectra ,  which i s  contrary to  the report  
by the Indian workers, who, unfortunate ly  do not quote the 
N.M.R. so lv en t  used.
N.M.R. sp ectra  of pavines .
42In the l i g h t  of a recent p u b lica t ion  i t  seems u n lik e ly  
th at the N.M.R. sp ectra  of the two pavines ( 5 l )  and (54) would 
be id e n t i c a l .  In t h i s  paper, Chen and Seine f i r s t l y  proposed 
a new nomenclature fo r  pavines , namely the "pavinane” ring  
system shown below and then studied  the N.M.R. spectra  in 
N.M.S.O. o f  the t e tr a s u b s t i tu te d  pavinanes (57 a - g ) . Nata^^ 
for  e sc h sc h o ltz in e  (5?h) and e s c h s c h o ltz id in e  (5 7 i )  are 






b. R^=R^=CH ,̂ Rg=R^=H
0. R]̂ =R̂ =H, Rg=R̂ =CH 




h. R^Rg and R̂ R̂ =OCHgO
i .  R̂  Rg=OCHgO, R =R =OCĤ
In argeraonine (571’) the aromatic region  of the N.M.R. 
spectrum shows two s in g le t  absorptions at 6 .54 and 6.78 J  .
I t  was argued that and appeared togeth er  as the lower 
f i e l d  s in g le t  due to d esh ie ld in g  by the in d uctive  e f f e c t  of the  
G-N br id ge . This argument i s  not c o n s is te n t  however w ith  the  
observed spectrum of the methohydroxide o f  argemonine"^^ which 
would exer t  a la rg er  in d u ctive  e f f e c t  but e x h ib i t s  aromatic  
absorptions in i t s  N.M.R. spectrum very s im ila r  to  those o f  
argemonine. S im ila r ly  though, Chen and Soine argued th a t  the  
methoxy groups at Ĝ  and Gg appear about 0 .1  ppm u p f ie ld  compared 
w ith  those  at Ĝ  and G^. I t  seems much more l i k e l y  however, 
from the observed chemical s h i f t s ,  that a n iso tr o p ic  s h ie ld in g  
rather than d esh ie ld in g  i s  predominant. A study of m olecular  
models of t h i s  system shows th a t  sh ie ld in g  by the aromatic r in g s  
i s  such th a t  and are more sh ie lded  than and This
132.
ex p la in s  not only the non equivalence o f  the methoxy groups hut 
that of the hydrogen atoms of the methylenedioxy fu n ctio n s  which 
appear t y p ic a l ly  as two d ou b lets  in the 5 .9 J  reg io n .
Chen and Soine advanced a d d i t iv i t y  r u le s  to  pred ic t  aromatic 
s ig n a l  p o s i t io n s  fo r  the pavinane s e r i e s ,  which when applied  to  
the sp ec tra  of ( 5 l )  and (54) g iv e s  good agreement w ith  the  




(51) R] = H , R2  = Me
(54) R2 =H, R] = Me
s va lu es  aromatic H ( in t e g r a l )
=10 % "7
51 Found 6 .7 5 (1 ) 6 . 72( 1) , 6 . 51( 1) , 6 . 39( 1 )
DM SO Predicted 6.78 6.70 6.54 6.36
54 Pound 6.75 6.58 6.51 6.51
DMSO Predicted 6.78 6.57 6.54 6.48
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The N .M .R .  s p e c t r a  i n  d e u t e r o c h lo r o f o r m ,  h o w e v e r ,  do  n o t  
c o n fo r m  t o  t h i s  a d d i t i v i t y  r u l e  and  a  c l o s e r  e x a m in a t io n  
s u g g e s ts  t h a t  on  c h a n g in g  f r o m  d im e t h y ls u lp h o x id e  t o  
d e u t e r o c h lo r o f o r m  a s  s o l v e n t  r e s u l t s  i n  a  d o w n f i e l d  s h i f t  o f  
u p  t o  O . lp p m  f o r  a r o m a t ic  p r o t o n s  o r t h o  t o  a  p h e n o l i c  g r o u p  
and  a  c o m p a r a b le  u p f i e l d  s h i f t  f o r  p r o t o n s  m e ta  t o  th e  h y d r o x y
39
g r o u p .  T h is  s u p p o r t s  e a r l i e r  s t u d i e s  w i t h  p h e n o l i c  c o m p o u n d s  , 
and  s e r v e s  t o  c o n f i r m  th e  p r o t o n  a s s ig n m e n ts  m ade i n  t a b l e  1 .
F u r t h e r  c o n f i r m a t i o n  o f  p a v in e  s t r u c t u r e s  ( 5 l )  and  (34)
The s tru ctu re  r e la t io n s h ip  between the two pavines ( 5 l )  and 
(54) was fu r th er  confirmed when each was trea ted  w ith  diazomethane 
fo llow ed by m ethyliodide to  g iv e  two products which were shown by 
m elting p o in t ,  mixed m elting point and in frared  s p e c tr a l  comparisons 
to be id e n t i c a l .
F o r m a t io n  o f  th e  p a v in e s  i n  t h e  r e a c t i o n s  d is c u s s e d  i s  
s u r p r i s i n g ,  a s  n o  s i m i l a r  c y c l i s a t i o n  h a s  b e e n  o b s e rv e d  i n  a n y  
p r e v io u s  a c e t a l  c y c l i s a t i o n  o f  t h i s  t y p e ^ ’ ^ ^ * ^ ^ ;  i s o p a v in e  i s  
i n v a r i a b l y  fo r m e d .  T h is  p o i n t  i s  d is c u s s e d  f u r t h e r  on  pag e  143 .
I t  i s  in t e r e s t in g  to f ind  th at c y c l i s a t io n  of the a c e ta l  ( 58a) formed 
from the S c h i f f s  base described  on pagellS , afforded  even b e t te r  
(40ÿ) y i e ld s  of the pavine ( 5 9 ) » The elem ental a n a ly s is  and 
N .M .R .  spectrum ( p . 164 ) obtained on t h i s  c y c l i s a t io n  product 
are c o n s is te n t  w ith t h i s  s tru ctu re  and the mass spectrum shows 
base peaks due to  the i s o q u in o ly l  c a t io n s  ( 60) and ( 61) .  




(58 ) a R= benzyl b R = H (59)
amount of a second phenolic  base whose I .R .  and U.V. sp ectra  
were s im ila r  to  those of the pavine (59)» The mass spectrum o f  
t h i s  m a ter ia l ,  however, showed a molecular ion peak at 311m/e with  
a prominent l o s s  of 29 m/e which i s  c o n s is te n t  w ith  the isopavine  







Although the base peak was as expected fo r  (62) at 176 m/e, 
the 174 m/e peak was 20^ o f i t s  s iz e  which suggested th a t  i t  arose  
from the presence o f  (59) as an impurity. A l l  attempts to  obtain  
pure isopavine ( 62) f a i l e d .
Attempts to N-methylate pavine (59)^*
Compound (59) Is the only known NH pavine other than pavine 
i t s e l f ^ ’  ̂ and in order to  id e n t i fy  i t  w ith d l , caryachine ( 5 l )
135.
(59 ) R = H 
(51) R = Me
N -m ethylation w ith  formaldehyde fo llow ed by sodium borohydride 
was attempted. However, although a v a r ie ty  o f  co n d it io n s  were 
t r i e d ,  incomplete conversion was ind icated  by T .L .C ., I .R .  and 
mass sp ectrom etric  examination of the product. This i s  
s u rp r is in g ,  as t h i s  procedure has been employed s u c c e s s f u l ly  in 
the N-methylat ion of iso p a v in es  .
N-dem ethylation of caryachine (5 l)>
An a l t e r n a t iv e  approach was considered which i s  based on
a method used fo r  N-dem ethylation of some aporphine a lk a lo id s^ ^ ,
45and in v o lv e s  treatment of the N-oxide w ith  sulphur d iox ide  
fo llow ed by acid h y d ro ly s is  of the in term ed ia te . This  
technique has not been reported in pavine s e r i e s .  Treatment 
of the N-oxide (63) \  however, according to  the described  





A second method used to prepare pavine from i t s  N-methyl 
47parent argemonine has a ls o  achieved su ccess  in the N-demethylation  
of  morphine and re la ted  compounds^^. This in v o lv e s  treatment of 
the N-methyl a lk a lo id  w ith  e th y l  chloroformate in chloroform  
and potassium carbonate to  a fford  the N-carbalkoxy d e r iv a t iv e .  
Subsequent h y d ro ly s is  g iv e s  the NH compound. In t h i s  way the 
pavine d e r iv a t iv e  ( 64) was prepared, prolonged treatment of which
(64) R=COOEt
(59) R = H
w ith  50^ c a u s t ic  soda at steam bath temperature afforded a 
c r y s t a l l in e  s o l id ,  which was shown by T .L .C .,  m elting p o in t ,  
mixed m elting  point and I .R .  to  be id e n t ic a l  with (59)»
Reframoline
The two isom eric iso p a v in es  (6g) and (6h) were both trea ted  
with diazomethane fo llow ed by methyl iod id e  to afford  the same 
methiode ( l . R .  m.pt and mixed m.pt) which was shown to be 
id e n t ic a l  by m elting p o in t ,  mixed m elting point and infrared  





The s p e c tr a l  c h a r a c t e r i s t i c s  of the two phenolic  iso p a v in es  
(6g) and (6h) were very s im ila r  and agreed w ith  those reported  
fo r  refram oline^^(p154 ) .  In the aromatic reg ion  of the N.M.R. 
spectra  of (6g) and (6h) there were s l i g h t  d i f f e r e n c e s ,  see  
ta b le  2. In view of the unsymmetrical nature of the isopavine  
ring system, any such a d d i t iv i t y  ru le  fo r  aromatic proton N.M.R. 
absorp tions as that d iscu ssed  fo r  pavinanes would be more
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Table 2.
Isomer Solvent Aromatic H (ppm)
GDGl 6.75 6.75 6.63 6.50
% DMSO 6.89 6.81 6.72 6.58
CD GOOD 6.90 6.76 6,68 6.46
GDGl 6.70 6.70 6.62 6.46
6h DMSO 6.83 6.78 6.72 6.53
GD GOGD 6.88 6.79 6.70 6.48
com plicated . No firm proton assignments could be made in the 
aromatic region of th ese  compounds d esp ite  comparisons w ith  the  
collated data shown in ta b le  3» In most ca ses  the aromatic 
protons appear as three or four s in g le t  absorptions due to  the 
aromatic s h ie ld in g  e f f e c t  d iscu ssed  e a r l i e r .  From a sca le  
model of the isopavine system, ta b le  4 was constructed which 
g iv e s  some in d ic a t io n  of the r e l a t iv e  shielding e f f e c t s  on protons
Hg, and by the r in g s  E and F.
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Table 3.
Ri Rg ^3 " 5
A r o m a t ic
(C D C l,
p r o t o n s  
S ppm) R e f
Â m u re n s in e OCHgO OMe OH Me 6.40* 6 . 72* 6 .80* 6 . 80* 31,6
6.53 6.58 6.70 6.70
A m u re n s in in e OCHgO OMe OMe Me 6.53 6.63 6.63 6.73 6
Is ü a m u re n s in e OCHgO OH OMe Me 6 . 50* 6 . 58* 6 . 77* 6 . 80* 31
R e fra n i ln e OMe OMe OCHgO Me 6.55 6,70 6.83 6.50 23
R e f r a m id in e OCHgO OCR,2° Me 6.55 6.65 6.75 6.75 23
0 - m e t h ^ l t h a l l s o p a v in e OMe OMe OMe OMe Me 6.51 6 . 6 4 6.75 6.75 23
T h a l is o p a v in e OMe OMe OMe OH Me 6.54 6 . 6 1 6.75 6.75 1 4
* i n  DMSO
NM
Approximate d is ta n ce  2
1 4 0 .
Table 4*
Angle included by a plane DFG and 
a l in e  AF or BP
or
Angle included by a plane ABB and 
a l in e  ED or EC
E -  C 5 .6 40°
E -  D 4 .8 15°
F -  A 4.5 30°
F -  B 5.9 15°
From ta b le  4 an order o f  s h ie ld in g  i s  suggested below fo r  
aromatic protons in the isopavine system.
Proton B
very l i t t l e  sh ie ld in g
A u p f ie ld :^  0 .12  cf ( of pavine) y  
C
increased
sh ie ld in g
In order to decide which of the two iso p a v in es  (6g) and 
(6h) has the s tru ctu re  of the a lk a lo id  refram oline , a sample
Me
(6g ) R-]=H,R2 =Me 
(6 h) R‘|=Me,R2=H
141.
of each was sent to P ro fe ssor  Slavik^^ fo r  comparison s tu d ie s .  
Compound (6g) was shown to  be id e n t ic a l  by I .E .  to refram oline  
whereas the I .E .  spectrum of (6h) showed d i f f e r e n c e s .  T.L.C. 
comparisons using three separate mixed so lv en t  systems confirmed 
th a t(6 g )  i s  id e n t ic a l  to refram oline and (6h) i s  d i f f e r e n t .
Hofmann degradation of iso p a v in es  (6g) and ( 6h)
Whilst these  comparisons were being made a Hofmann degradation  
study of the two compounds was undertaken. The methiodide of  
( 6h) was degraded smoothly in to  the methine base (66) which was 





mass spectrum showed a m olecular ion at 339 m/e accompanied by
a t y p ic a l ly  in ten se  peak at 281 m/e with a corresponding m etastable
t r a n s i t io n  fo r  the lo s s  o f  CĤ ^̂ H' The N.M.E. spectrum2 Me
corroborates t h i s  stru ctu re  and i s  reproduced on page 156 •
The u .v .  spectrum i s  s im ila r  to  that of analogous methine 
bases^^ and shows very l i t t l e  bathochromic s h i f t  on the  
ad d it ion  of a l k a l i .
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Sim ilar  treatment of the methiodide s a l t  o f  (6g) afforded  
a pale yellow  s o l id  w ith  a m elting  range of 1 5 2 -8° .  This  
m ateria l ex h ib ited  very s im ila r  M.S., I .E .  and u .v .  sp ectra  to  
those shown by (6 6 ) .  The N.M.R. spectrum, however, although  
s im ila r  to that o f  (66) showed an a d d it io n a l  methylenedioxy  
group, as an impurity. From the remainder of the spectrum i t  
appeared th a t  in add ition  to  ( 67) the a l t e r n a t iv e  methine base 









e le c tr o n  v o lta g e  which shows only one m olecular ion at the  
expected m/e value of 339* S a t is fa c to r y  elem ental a n a ly s is  were 
obtained fo r  n itrogen  and hydrogen but the carbon a n a ly s is  was 
0 , 6 %  lower than the ca lcu la ted  v a lu e .  This sample could n o t ,  
however, be p u r if ied  fu r th e r .  I t s  u .v .  spectrum was recorded
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in e th an o l,  and showed a large  bathochromic s h i f t  on the a d d it ion  
of sodium hydroxide. This i s  c o n s is te n t  w ith  the extended  
conjugation of the phenate ion in ( 67) compared with that in 
(6 6 ) ,  see page 1 5 6 a .
Pavine versus  isopavine formation
As d iscu ssed  in scheme 2 page 104 , n u c le o p h i l ic  displacem ent  
of the hydroxy group by the methylenedioxybenzyl group in a 
l -b en zy l-4 -h y d ro x y - l ,2 ,3 > 4 -t© tra h y d ro iso q u in o lin e  would g iv e  
r i s e  to  the isopavine system. Dehydration, on the other hand, 
fo llow ed by isom érisa t ion  to  the 1 ,4 -d ihyd ro isoqu ino lin ium  s a l t  
and subsequent n u c le o p h i l ic  a tta ck  by the methylenedioxybenzyl 
grouping would afford  the pavine r ing  system. The^e are com petitive  
r ea c t io n s  and i t  i s  d i f f i c u l t  to  r a t io n a l i s e  the r e l a t i v e l y  large  
amounts of pavines formed in the examples studied  h erein , when 
isop av in es  only have been p rev iously  reported . An in v e s t ig a t io n  
would be required under s t r in g e n t ly  co n tro lled  c y c l i s a t io n  
con d it ion s  w ith  an exhaustive  examination of the rea c t io n  
products in order to c l a r i f y  th ese  ob serv a t io n s .
Evidence fo r  a benzyl m igration .
The intermediacy o f  the 1 ,4 -d ihyd ro isoq u ino lin ium  ions ( 69) 
and ( 70) has been demonstrated by the i s o la t i o n  of the pavines  
( 51) and ( 54) from a c e ta l  c y c l i s a t io n s  under acid  c o n d it io n s .
As b r i e f l y  d iscu ssed  on page 19 and in d e t a i l  in Chapter 3
144.
NMe
(69) R-] = H or b e n z y l , R2 = Me
(70) R] = Me, R2 ~H or benzyl
(51) Ri = H , R2 = Me 
(54) R] = Me , R2 =H
of t h i s  t h e s i s ,  migration of the benzyl group from to can
occur to  form the 3 -b en zy l-3 ,4 -h ih yd ro isoq u in o lin iu m  s a l t  ( ? l ) .  
49I t  i s  known that i f  r ing  C i s  su b st itu ted  at and by
(71)
alkoxy groups there i s  an increased tendency fo r  double 
c y c l i s a t io n  to the pavine system, over to  m igration .  
This i s  c o n s is te n t  with the y i e ld s  o f  pavine formed by 
c y c l i s a t io n  through in term edia tes  ( 69) and ( 70) ,  and i t  was 
hoped that some migration product would be observed w ith  the 






s ix  normal hydrochloric  acid at steam hath temperature and the  
s o lu t io n  h a s i f i e d  with sodium b icarbonate , and extracted  into  
chloroform. The organic e x tr a c ts  were washed w ith  water and 
d iscarded . Treatment of the combined aqueous phase w ith  sodium 
cyanide and ex tr a c t io n  in to  e ther  afforded a small quantity  of 
pale yellow  s o l i d .  The U.V. spectrum of t h i s  product in 
a c id i f i e d  ethanol ex h ib ited  absorption maxima at 253? 315 and 
374nm, t y p ic a l  of a 3?4 -d ih yd ro isoq u in o lin e  d e r iv a t iv e .  In 
ethanol a lon e ,  however, the spectrum was c o n s is te n t  w ith  the 
equilibrium  mixture of l ,2 ,3 ? 4 - te tr a h y d r o is o q u in o l in e  and 
3?4-d ih yd ro isoq u in o lin e ,  shown by the a d d it io n a l  absorption at  




The mass spectrum of t h i s  product (M*̂  m/e 352) (72) showed 
a large  peak at m/e 325? c o n s is te n t  w ith  the l o s s  of HCN from 
the m olecular ion , and one at m/e I 90 expla ined  by the a d d it io n a l  
f a c i l e  l o s s  of the methylenedioxybenzyl grouping. This mass 
sp ec tra l  fragmentation pattern  i s  c o n s is te n t  w ith  stru ctu re  ( 72) 
and with those observed fo r  au thent ica ted  compounds o f  t h i s  
type described  in chapter 3 o f  t h i s  t h e s i s .
Reduction of t h i s  product w ith  sodium borohydride, fo llow ed  
by i s o la t i o n  of phenolic  b a s ic  m ater ia l afforded an o i l  which 
ex h ib ited  a u .v .  maximum at 294nm, t y p ic a l  of a t e trahydroiso­
q u in o l in e .  The mass spectrum showed a weak molecular ion at 
m/e 327, c o n s is te n t  w ith (73)> and an in ten se  peak at m/e I 92 
which was considered to  be due to the f a c i l e  l o s s  of the m e t h y l e n e *
(73)
: d l 03{ y  b e n z y l  group from the m olecular ion .  These ob servation s  
in d ic a te  th a t  where to m igration occurs i t  rep resen ts  only  
a minor rea c t io n  pathway.
147.
An in te r e s t in g  by-product from pavine and isopavine s y n th e s is
The fo l lo w in g  observation s  concerning the a m in on itr i le  route  
to the isopavine  and pavine systems were made
(a) The mass sp ectra  o f  bases  con ta in ing  isopavine and pavine 
from a c e ta l  c y c l i s a t io n  under sh orter  r e a c t io n  tim es then normal 
( i . e .  l e s s  than 1 hour), show some fragm entations ty p ic a l  of 
isopavine and pavine s tr u c tu r e s  of m olecular weight 415, 90 mass 
u n its  h igher than the expected phenolic pavine or iso p a v in e .  This  
in d ic a te s  th a t  r ing  c lo su re  can occur prior  to cleavage of the benzyl 
eth er  grouping.
(b) The main impurity which hindered chromatographic separation  
of isopavine from pavine g iv e s  r i s e  to  a prominent peak in the 
mass spectrum at 192m/e.
In an attempt to  i s o l a t e  t h i s  impurity the bases from 
c y c l i s a t io n  of the a c e ta l  (39) contaminated w ith  (47) were 
c a t a l y t i c a l l y  hydrogenolysed to  remove any benzyl e th ers  and
EtO O Et
P h C H ^ ^  \
MeO'<^^3k^NMe
R 
(39) R = 3 .A -m e th y le n e d io x y b e n z y l  
(47) R = H
chromatographed over s i l i c a  to  afford  a new phenolic  base , which 
showed in i t s  mass spectrum the prominent peak at m/e 192. A
1 4 8 .
c lo se r  examination of the low e le c tr o n  v o lta g e  M.S. showed th a t  
t h i s  peak arose by lo s s  o f  a benzyl group (m/e 91) from the 
m olecular ion at m/e 283. A high r e s o lu t io n  mass measurement 
of the m olecular ion confirmed the m olecular formula as  
The u .v .  spectrum was t y p ic a l  of a 1 , 2 , 3 , 4 - te tr a h y d r o is o q u in o l in e , 
and t h i s  in d ic a t io n  was supported by the N.M.R. spectrum ( s e e  f i g  l )  
which showed a complex absorption due to  s ix  protons between 
3 .5  cT and 2.5cf •





2-5 ppm7*1 6-6 5*8 343-65
The data so fa r  i s  c o n s is te n t  w ith  that predicted  fo r  
1 - b e n z y l - l , 2 , 3>4-te trah yd ro isoq u ino lin e  (74) .  Reported d a ta  , 
both N.M.R. and m elting p o in t ,  support t h i s  assignment.
Although 1 -b e n z y liso q u in o lin e s  e x i s t  p r e f e r e n t ia l l y  in the
149.
conformation (75)> i t  has been shown^^ that In the corresponding  
N-methyl compounds there i s  s u f f i c i e n t  s t e r i c  rep u ls ion  to  force  
r ing  C in to  a preferred conformation underneath r ing  A. This  
e f f e c t  i s  r e f l e c t e d  in  the N.M.R. spectrum of (74) which shows 
Cg~H to be sh ie ld ed  so as to  absorb a t  9 . 8 3 c f . The s h ie ld in g  








grouping in the isomer ( 76)^^,
150.
The formation o f the 1 -b en zy lisoq u in o lln e  (74) i s  d i f f i c u l t  
to r a t io n a l is e . As the next se c tio n  o f th is  work in vo lves a 
b r ie f  study of the mechanism of benzyl migration from to  
in  a 1 ,2 - d ihydroisoquinoline under acid  conditions i t  seems a 
l i t t l e  d isturb ing to the author that a benzyl group has appeared 
to  migrate, in  a sim ilar  system, under sim ilar  con d ition s.
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Preparation o f the a m in o n itr i le s  (3 2 a -o ) .  .
The aldehyde (0 .0 5  moles) in the minimum amount of MeOH 
was added over Ihr to a s o lu t io n  of diethylammonium ch lo r id e  
( 0 .0 6  moles) and RaCN (O.O6 moles) in Ĥ O (lO m l). The so lu t io n  
was s t ir r e d  at  30° fo r  4 hr, quenched w ith  Ĥ O ( 200ml) and 
ex tracted  in to  e ther  (4  x 50ml). The combined e ther  e x tr a c ts  
were washed w ith  Ĥ O (4 x 20m l) ,  saturated sodium m etah isu lp h ite  
so ln  (4 z  20ml), and water (2  x 20ml). A fter  drying the e th er  
e x tr a c ts  (MgSO^) removal of the so lven t afforded a pale yellow  
o i l  which s o l i d i f i e d  on standing ( Y ie ld s  8 0 -9 0 ^ )• (N.B. The
benzyl e th e r s  of v a n i l l i n  and i s o v a n i l l in  are in so lu b le  in 
sodium m etab isu lp h ite  so ln ,  so the rea c t io n  in th ese  ca ses  must 
remove a l l  o f  the aldehyde. oL -Cyano-N,N-die th y l -4 -b e n z y lo x y -
3-methoxy-benzylamine (32a) ( l 3 . 9 g ,  86^), m.p. 68- 9° ( p e tr o l )  
N.M.R. (CBCl^) 7 .9 -6 .8  complex [8 ]  (arom atic H) ,  5«12 s [ 2 ]  
(PhCHgO), 4 .93  s [ i j  (Ar-CH-CN), 3 .8?  s [ 3]  (ArOCH.), 2 .59  q
[ 2] J=7 Hz and 2 .50  q [2] J=7 Hz (^^(CHg-GH ) 2 ) ,  1 .05  t  [6 ]  
J=7Hz (N(CH2CH^)2 ); I 3 ^ ^ ( l i q u i d  f i lm )  2230, 1598, 1514, 1274, 
1150, 1035; ( è )  232 ( 12, 600) ,  280 ( 6 , 400) ,  311 ( 3 , 360);
mass m/e 324 (m'*’) [22^ ],  252 [lO ÿ], 242 [ 8 f l ,  20? [ l 8 f l ,
91 [lOO$]. (Found: 0, 74 .0 ;  H, 7 .3 ;  H, 8 .6 .  K^Og
req u ires:  C, 74 .1; H, 7*5; N, 8
158.
Q»^-Cyano-N,N-dlethyl-3-'benzyloxy-4-methox,ybenz.ylamine (3 2 b ) .
( 12 . 9g, 80^ ) ,  m.p. 57-8° (p e tr o l )  N.M.R. (CNCl^) 7*6-6 ,8  complex 
[8 ]  (aromatic H), 5 . I 8 s [ 2] (PhCH^O), 4 .9 0  s [l](ArCH-CN), 3 .89  s
[3] (ArOCH^), 2 .59 q [2] J=7 Hz and 2 .50  q [.2] J =7 Hz (N-(CHgCH ) g ) ,  
1.02  t  [ 6 ]  J=7 Hz (N(CH2CH )g);' V ( l iq u id  f i lm ) 2220, 1597,
1515, 1273, 1148, 1030; /  (S) 232 ( 10, 000) ,  281 ( 3 , 340) ,
311 ( 900); mass m/e 324 (M+) [ l 6% ] , 252 [ 24/0] ,  242 [ 9^ ,
207 [ 34^ ] ,  91 [100^ ] .  (Found: C, 74.0; H, 7-5; N, 8 . 4 .
^20^24^2*^2 C, 74 .1 ;  H, 7 .5 ;  N, 8 . 6^ ) .
0̂  -Cyano-N,N-diethy 1 - 3 , 4-dimethox.ybenzylamine (32c) ( l 0 . 9 g ,  88^)
as a pale yellow  o i l ,  N.M.R. (CDCl^) 7 . I  s [ l ]  (C^-H), 6 .88 d [ l ]  
J =8 Hz and 7 .15 d [ l ]  J =8 Hz (C^-H and C ^H ), 4 .98  s [ l ]  (Ar-CH-CN)
3 .90  s [ 6 ]  (2  X ArOCH ) ,  2 .64  q. [ 2 ]  J=7 Hz and 2.55 q [ 2 ]  J=7 Hz 
(N-(CH2CH^)2 ) ,  1 .10  t  [ 6 ]  (H(CH2QH^)2) i  V  ( l iq u id  f i lm )  2230,
1597, 1515, 1150, 1034; mass m/e 248 (M^) £ l l ^ j ,  I 76 [lOO^J,
166 [33#], 151 [33$].
An attempt to  prepare (32d) by the same procedure from v a n i l l i n  
afforded only  a dark unch aracter ised  l iq u id .
The b is u lp h i t e  method of formation o f  a m in o n itr i le s .
The method according to  Luten^^^, which in v o lv e s  ad d it ion  of 
the amine to  v a n i l l i n  o-benzyl e th er  in sodium b is u lp h ite  so ln .  
returned unreacted aldehyde in 92^ y i e l d .
Preparation of deoxybenzoins ( 3 3 a - f ) using NaH and D.M.F:
General method.
Sodium hydride {6Cffo suspension in o i l ,  0 .0 2  moles NaH) was 
washed w ith  p e tro l  and suspended in dry BMP (lOml) under N^.
159'
A so lu t io n  of the am in on itr i le  ( 3 2 a ,h ,c )  (O.OI5 moles) in dry 
BMP (20ml) was added. The r e s u l t in g  red suspension was s t ir r e d  
under a t R.T. fo r  Ihr. and the h en zy lch lor id e  (O.OI5 moles)  
added over a fu r th er  hr. A fter  s t i r r in g  overnight the ex ce ss  
NaH was destroyed  w ith  MeOH (5ml) and the so lv en t  removed under 
1mm. pressure , at 90° over 6hr. The r e s u l t in g  red o i l  was 
s t ir r e d  in 6N HCl for  I 6 hr. and extracted  in to  CHCl  ̂ (3 x 30ml). 
The combined CHCl  ̂ e x tr a c ts  were washed w ith  Ĥ O (2 x 20ml), 
dried (MgSO^) and evaporated to leave an o i l .  In each case the 
deoxybenzoins c r y s t a l l i s e d  on t r i t u r a t io n  w ith  e th er .  Reaction  
of the a m in o n itr i le  (32a) w ith  3 ,4-m ethylenedioxybenzyl ch lor id e  
gave 4-benzyloxy-3-methoxyphenyl 3 ,4-m ethylenedioxybenzyl ketone  
(33b) ( 61/0) m.p. 98-9° (MeOH) N.M.R. (CDGl ) 7*7-6 .6  complex [ l l ]  
(aromatic H), 5.89 s [ 2]  (O-CH^-O), 5 .20  s [ 2]  (Ph-CH^O), 4 .1 0  s 
f2] (ArCHgCO), 3 .89  s [ 3] (ArOCH^); h) I 668, l602 ,  1591, 1275; 
^ max 315sh ( l l , 0 0 0 ) ,  280 ( l 6 , 0 0 0 ) ,  232 (2 8 ,4 0 0 );  mass m/e 
376 (M*̂ ) [ 3 . 3^ ] ,  241 [ 50# ] ,  135 [l8^J, 91 [100 1̂ , metastable
154. 5 . (Found: C, 73*5; H, 5*4. C^^H^qO  ̂ req u ires:  C, 73 .4;
H, 5 . 4/0) .
S im ila r ly  from the a m in o n itr i le  (3 2 b ) ,  3-benzy1oxy-4-methoxypheny1 
3 14-m ethylenedioxybenzyl ketone (33c) ( 7 4 / )  was prepared as white  
c r y s t a l s  from EtOH, m.p. 144-5°* NMR (CBCl^) 7*75-6*7 complex 
[ 11] (arom atic H), 5 .90  s [ 2]  (OCH^O), 5*17 s [ 2] (PhCH^O),
4 .08  8 [ 2]  (ArCHgCO), 3 .90  s [ 3]  (Ar-OGH^); I 67O, 1598,
1586, I27O; ^  ( f j  320sh ( 8 ,1 0 0 ) ,  282 (1 1 ,6 0 0 ), 232 (26fOO);
160.
mass ra/e 376 (M^) [ 3 . 5/ ] ,  241 [ 3 3 / ] ,  135 [ 5 . 5 / ] ,  91
(Pound: C, 73 .1 ;  H, 5 . 6 . req u ires:  C, 73 .4; H, 5 . 4 / ) .
Also from the am in o n itr i le  (32h) w ith  3 , 4 , 5-trim ethpxyhenzyl 
c h lo r id e ,  3-b en zy l€ x y -4-niethoxy phenyl 3 , 4 , 5-tr im ethoxyhenzyl  
keton e(33d) was obtained ( 63/ )  m.p. 131-2° .  N.M.R. (GDGl^)
7 . 8- 6.8 complex [8] (arom atic H), 6 .46  s ["2] (G^H2( 0GH^)2 ) ,
5 .14  s [ 2 ]  (PhCHgO), 4 .10  s [ 2 ]  (Ar-GHgGO), 3 .90  s  [ 3]  (ArOGH ) ,
3 .80  s [ 6 ]  (2  X ArOQHj); I 68O, 1595, 1134, 1032; %
232 ( 25 , 400) ,  280 ( 10, 200) ,  310 ( 7 , 900) mass m/e 422(m"̂ ) [ 40/ ] ,
241 [ 100/ ] ,  181 [ 36/ J ,  91 [100/ ] ,  m etastable I 38 .6  (Found:
G, 71 .0; H, 6 .2 .  ^25^26^6 e sq u ires :  C, 71 .1 ;  H, 6 . 2 / ) .
From the am in on itr i le  (32c)  w ith  benzyl c h lo r id e ,  benzyl 3 ,4 -  
dimethoxyphenyl ketone (33a) was obtained in 6 8 /  y i e ld ,  m.p. 8 1 .5 -2 °  
(p e tr o l )  N.M.R. (GDGl^) 7*31 s [ 3]  (C^H^CHg), 7 .65 d [ l ]  J=8 Hz 
(G ^H ), 6.88 d f l ]  J=8Hz (C^-H), 7 . 6O s [ l ]  (G^-H), 4 .23  s [ 2]
(PhGHgGO), 3 .9  s [ 3 ] and 3 .89  s [ 3]  (2 x ArOGH^); i) 16?8, I 519, 
1243, 1148, 1033, 820 , 730; mass m/e 256 (M*̂ ) [ l l / ] ,  I 65 [lOO/J ,
91 [ 5/ ] .
Also from the am in o n itr i le  (32c) w ith  3,4-him ethoxybenzyl ch lor id e
3>4-dimethoxybenzyl 3 , 4-dimethoxyphenyl ketone (33c) was obtained
( 6 6 / )  m.p. 105° l i t  107° ,  I .R .  spectrum superimposable on th a t  o f  
52
a u th en tic  sample . The a lk o x y su b st itu ted  benzyl c h lo r id e s  were 
prepared from the appropriate benzyl a lc o h o l  in GHCl  ̂ at 0^-5° w ith  
th io n y l ch lor id e  (5  fo ld  e x c e s s ) .  A fter  standing at t h i s  
temperature overnight the s o lu t io n  was c a r e fu l ly  washed with aqueous
161.
NaHGÔ  s o in ,  water and dried  (MgSO^). Evaporation of the so lven t  
gave c o lo u r le s s  products s u i ta b le  fo r  the above a lk y la t io n s .
Preparation of  4-hyd ro x y -3 -me t  hoxy phe ny1 3 , 4-m ethylenedioxy be nzy1 
ketone ( 25h ) .
4 -B en zy loxy-3-methoxyphenyl 3 ,4-m ethylenedioxybenzyl ketone  
(33b) (l90mg) in 9 5 /  EtOH (50ml) over lO / Pd/G was hydrogenated  
at R .T .,  and atmospheric pressure fo r  1 .5 h r .  A fter  t h i s  time 
14cc o f  Hg had been consumed. Removal of the c a t a ly s t  and 
so lven t  afforded the d es ired  ( 25b) ( l 25mg, 87/ )  m.p. 132-3°  
(e th er /E ton ) N.M.R. (GDCl^) 7*7-6 .72  complex [ 6 ]  (aromatic H),
5 .90  s {f2j (OCH^O), 6 . I - 5 .5  broads (OH, removed by DgO), 4 .10  
8 [ 2]  (ArGHgCO), 3 .88  s [ 3]  (ArOGH ); V  3400 broad, I 672, 
1494, 1268, 1253, 1162; % (&) 233 ( l 9 , 500) ,  287 ( l3 ,0 O ) ,
310sh ( 10 , 040); A i t )  EtOH/NaOH 250 (1 0 ,0 0 0 ) ,  293 ( 6 , 360) ,
355 ( 26 0̂00);  mass m/e 286 (M*̂ ) [ lO /] ,  I 5I [lOO/J, 135 [ l 2 / ] . 
Found: C, 66 . 9 ; H, 5*1; ^16^14*̂ 5 ^^quires G, 67.1; H, 4*9/)»
Attempted formation o f  (25b) from (33b) by acid treatment
(33b) ( 190mg), and 6NHG1 (25ml) were heated together  on a 
steam bath fo r  6hr. E xtraction  of the cooled  mixture afforded  
unchanged (33b) (l20mg. 64/ )  m.p. 9 7 -8 ° .
Reaction o f  3 ,4-dim ethoxybenzyl 3 ,4-dimethoxyphenyl ketone (33c)  
w ith N -m ethy lam inoaceta ldehyded iethy laceta l.
(a) The ketone (33c) (850mg), w ith  the a c e ta l  (2 .1 g )  and 
p-to lu ene  sulphonic acid  (PTSA) (lOmg) in to luene ( 100ml) was 
heated under r e f lu x  with a Dean and Stark fo r  20hr under an 
atmosphere of  n itro g en . Removal of the so lven t  afforded s ta r t in g
162.
ketone ( 800mg).
(b) The ketone (33c) (TOOrag) and the a c e ta l  (&.9g) was s t ir r e d  
under w ith  MeOH (lOml) and NaOH ( 2 g ) .  A fter  2 .5  days the 
mixture was thrown into  e th er  (200m l), dried  (MgSO^) and the
so lven t removed. T r itu r a tio n  of the resid ue  over e th er  afforded
s ta r t in g  ketone ( 500mg) and concentration  o f  the eth er  washings  
afforded v e r a t r i l  ( 36) (ySmg) m.p. 227-9° ,  229° N.M.R. (DMSO)
7 .0 6  d [”2j J= 8 .4  Hz (2 X  C^-H) , 7#6-7 '3  complex [4 ]  (arom atic H) ,  
3 . 85s ,  3 .8 1 s  [12] (4 X ArOGH ); U I 663 broad, I 6OO., 1514, 1145;
'^max 233, 287, 325 230, 284, 322; mass m/e 330 (M*)
[ 6 / ] ,  165 [100/ ] ,  m etastab le  8 2 . 5 *
This rea c t io n  was repeated in the absence o f  the amine, but 
otherwise under the same c o n d it io n s .  Only s ta r t in g  ketone (33c) was 
recovered ( 76/ ) .  There was no tra ce  of any v e r a t r i l .
Condensation of 4-benzyloxy -3 -m ethoxypheny1 - 3 ^4-methylenedioxy­
benzyl ketone (33b) w ith  aminoacetaldehyde dimethyl a c e ta l
The ketone (33b) (2 .1 g )  and the a c e ta l  (2 .0 g )  with P .T .S .A . (lOmg) 
was heated under r e f lu x  in a Dean and Stark apparatus. A fter  24hr. 
the so lven t was removed to  g ive  a red gum which c r y s t a l l i s e d  over  
acetone to  g iv e  the amide ( 38) ( 78mg) as white n e e d le s ,  m.p. 149° ,
N.M.R. (CDCl^) 7 *6- 6.85 complex [ 8] (arom atic H), 5*23 s [2 ]  (PhCH^O), 
4 .48  t  [ 1] J=6 Jz (GHg-GgOMe)^), 394 s [3] (ArOCH ) ,  3*59 t  [ 2]
J=6 Hz (GHgGH(OMe)g), 3*44 s [ 6 ]  (GHgGH(O^)g); V  328o, 1627, 1225, 
1110; (&) 295 ( 4 , 700) ,  254 8h ( 8 , 700) ,  248 sh ( 6 , 900) ,  265 8h
( 9 , 000) ,  260 ( 9 , 400); mass m/e 345 (M"̂ ) [ j % ]  ,  241 M ,  91 [91^],
75 [ i0 0 $ ] . (Pound: 345-1574 ^x9^23**°5 345-1576)- The
163.
remainder o f  the m a ter ia l ,  I 638, was a pale red o i l  considered
to he the crude S c h i f f s  base (37) (2 .2 g )  was reduced w ith  NaBH  ̂ in
EtOH in the normal manner to  a fford  N -[ /_ (4 -b en zy loxy-3 -m eth oxy-
benzyl)-3*,4*-m ethylenedioxybenzyjam inoacetaldehydedim ethyl a c e ta l
( 58 ) ( l . 7 g , ,  55/ )  as a white s o l id  m.p; 167- 8 ° .  N.M.R. (D.M.S.O.)
7 . 55- 6 .6  complex [11]  (arom atic H) ,  5»97 s [2] (OCH^O), 5*04 s [ 2]
(PhCHgO), 4 .3 3  t  [ 1] J=5.5 Hz (CHgCH(OMe)^, 3 .7  s [ 3] (ArOGH ) ,
3 .14  s [6 ]  (G_HgGH(0]|^)g), 3 . 75- 3 .6  m [ l ]  (ArGHGH^), 2 .8 - 2 .3
complex [ 4]  (GH_-GH(OMe)^ and ArGH^CH); 2) 3310, I 5IO, I I 40 ,
c. c. c. max
925, 740, 700; ^  (5 ) 287 ( 5 , 670) ,  mass m/e 464 (m" -̂1) [ 2/ ] ,
361 [ S /J ,  330 [ 100/ ] ,  75 [ 100/ ] ,  91 [ 94/ ] .  Found: 464 . 2063,
Gg^H^^NO  ̂ (M**’-1 )  requ ires  464.2073.
N- [^- ( 4 - hyd roxy- 3-me t  hoxybenzy 1 ) -3  ' , 4 ' -me thy 1 ene d i oxybenzy ]]- 
aminoacetaldehydedimethyl a c e ta l  ( 58b) was obtained (ll5m g 62 /)  
from i t s  benzyl e ther  ( 58a) ( 230mg) by hydrogen olysis  in 9 5 /  EtOH 
( 100ml) over lO/ Pd/G at R.T .  and 45 Ib /sq  in. of Ĥ  fo r  3hr. The 
product was obtained as a white c r y s t a l l in e  s o l id  from G^H ,̂ m.p.
1 13-5° ,  N.M.R. (GBCI^) 6 . 85- 6 .65  complex [6 ]  (aromatic H), 5*89 s [p j  
(O-GHg-O), 4 .6  m [ l ]  (Ar-CH-NH), 4 .35  t [ l ]  J=5.5  Hz ( CH -̂CH( OMe) ^) ,  
3.78 s [ 3]  (ArOGH ) ,  3 .7  m [ 2] (Ar-GH^-CH), 3 .24 s [6] (GHg-GH(O^)g),
3 . 2- 2 .8  broad [ l ]  (OH, NH, removed by D^O), 2 .55  d [2 ]  J=5*5 Hz 
(GHg-GH(OMe)g),Z; 3500, 3300, 1513, 1245, IO78 . (Found: G, 63.3;
H, 6.3; N, 3 . 5 . ^2D^25^^6 ^G^ui^es G, 64 .0; H, 6.7; N, 3 . 7 / ) .
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C y c lisa t io n  o f  the a c e ta l  ( 58a ) .
The a c e ta l  ( 58a) ( l .O g )  in 6N e th a n o lic  HCl ( 50ml) was stood  
at R.T. fo r  2 h r . ,  then heated under r e f lu x  fo r  a fu r th er  2hr. A fter  
removal o f  the EtOH under reduced pressure , the remaining acid  so ln .  
extrac ted  with e th er  (2  x 30ml). The c le a r ,  yellow  acid  s o ln .  was
h a s i f ie d  w ith  NaHCÔ  and ex tra c ted  in to  CHCl  ̂ (4 x 30ml); the 
combined organic e x tr a c ts  were washed (H^O), dried (MgSO^) and 
evaporated to  g iv e  an o f f -w h ite  so l id  which c r y s t a l l i s e d  from 
MeOH to g iv e  the pavine (59) (264mg, 3 9 /)  as hard white c r y s t a l s  
m.p. 257- 8 ° ,  N.M.R. (T .F .A .)  7 .85  broad s [ 2]  (NH"^g), 6 .85 s [ l ]  ,
6 .75 s [ 2] and 6.57 s [ l ]  (4 x aromatic H) .  5*94 and 5 «90 two
s i n g l e t s  [ 2]  (OCH^O), 5»2-5*0 broad unresolved m [2 ] (2  x methine H),
3 .96  s [ 3]  (ArOCH^), 3 .74  broadened doublet [ 2 ]  J=17.2 Hz and 3 .10  
d [ 2]  J=17.2 Hz (4 X b en zy lic  CH ,̂ fo r  fu rth er  assignment see p l32);
Umax 8280 sharp, 3100-2400 broad, I 605, I48O, 1230, I I I 8 , 92O, 855;
(2 )  295 ( 7 , 340); (6 )  (BtOH/NaOH) 300 ( 7 ,6 0 0 );  mas m/e 311
• niaĵ  ni&A.
(m'*') [ 80/ ] ,  176 [91/ ] ,  178 [100/ ] .  (Found: C, 69 .1; H, 5 . 6 ;
N, 4 . 7 . C ĝĤ ^NÔ  req u ires:  0, 69. 4 ; H, 5 .5 ;  N, 4 * 5 /) •
Chromatography over alumina o f  the r e s id u e s  (CgHg/CHClg) 
afforded an impure s o l id  m.p. 205- 10°; mass m/e 311 (m"*") [ 82/ J ,
282 [ 75# ] ,  176 174 32801», 1496, 1221; ^
299. This was considered to be isopavine ( 62) contaminated w ith  
pavine (59)*
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Condensation o f  3,4-dimethoxybenz,yl 3>4-dimethoxyphenyl ketone ( 33e) 
with aminoacetaldehydedimethyl a c e ta l
Under id e n t ic a l  c o n d it io n s  to  those used fo r  the ketone (33b)  
the only s o l id  product obtained by r e c r y s t a l l i s a t i o n  o f  t-he 
gummy product was v e r a t r i l  ( 36 ) ( 7/ )  m.p. 227?9 ° l i t ^  229° .
N-Me thy l-N-(o<^-cyan o-3-niethoxy-4-benzylox.yben2yl) aminoacetaldehyde  
d ie t h y la c e t a l  ( 4 3 ) .
N -m ethylam inoaceta ldehydediethylaceta l hydrochloride ( l7 g )  in  
water (lOml) was s t ir r e d  w ith  sodium cyanide ( 8 g ) .  V a n i l l in  0-Benzyl 
eth er  ( ) ( l7 .5 g )  in MeOH ( 150ml) was added over 2hr. and the
rea c t io n  mixture s t ir r e d  at  35° fo r  24hr. The redd ish  so lu t io n  
was d i lu te d  w ith  water ( 500ml) and ex trac ted  in to  e th er  (4 x 100ml). 
The combined e th er  e x tr a c ts  were washed with w ater, dried(MgSO^) 
and removed to g iv e  the a m in o n itr i le  (43) ( 24g , 87/ )  as a reddish  
o i l ;  N.M.R. (CDCl^) 7*5 -6 .75  complex [8 ]  (Aromatic H), 5*10 s [ 2] 
(Ph-CHg-0), 5 .01 s [1] (CH-CN), 4 .59  t  [1] J=5*3 Hz ( CH2~CH-(0Et)2), 
3.85 s [3] (Ar-OCHg), 3*5 two q u arte ts  [4] J=7 .0  Hz (OCH^CHg)^,
2 .65  d [ 2] J=5.3 Hz (CHg-CH(OEt)g), 2 .30  s [ 3] (N-CH^),
1.17 and 1 .14  two t r i p l e t s  [ 6 ]  J=7.0  Hz (OCĤ ĈH ) ; V  l iq u id  
f i lm  2215, 1598, 1510 strong , 1270, 1145, 1065, 1030; }  ( t )
310 sh (1 2 6 0 ) ,  281 ( 4400) ,  234 ( l l , 400); mass m/e 393 (%A)
M ,  308 [ 3 . ^ ] ,  271 [ 3 .6 $ ] ,  242 [ 5 . 7 $ ] ,  103 [lOO$], 91 [l00$J .
(Pound: (398.2207 Ĥ O req u ires:  398. 2206) .
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N-Methy 1 -N-(a:!-cyan o - 3 -benz,ylox.y-4 -m ethox.ybenzyl) am inoaceta ldehyde
d ie t h y la c e t a l  (44) was prepared s im ila r ly  ( 90/ ) .  N.M.R. (CDClg),
7 . 5- 6 .75  complex [ 8]  (Aromatic H), 3 .16  s [ 2]  (Ph-CHg^O), 5 .02
s [ i j  (CH-CN), 4 .59  t  [1] J=5.2  Hz (CH2-CH-(0E t )2 ) ,  3 .89  s [ 3]
(Ar-OCH^), 3 .55  two q u a r te ts  [ 4 ]  J=7.0  Hz (OCH^CHg)^, 2 .69  d [ 2 ]
J=5.2Hz (CHg-CHtEt)^) 2 .28  s [ 3]  (N-CH ) ,  1 .20  and I . I 7 two
t r i p l e t s  [6] J=7.0  Hz (OCH_CH.)_; v  l iq u id  f i lm  2220, 1598,c z> d. max
1510 strong , 1265, 1140, 1065, 1028; / )  (^) 310 sh ( 1310) ,
281 ( 4140); mass m/e 39^ (m"̂ ) [ 2/ ] ,  91 [lOO/] ; (Found: m"̂
( 398. 2207) C23H30F2O4 req u ir es  3 98 .2206).
By an analogous procedure using veratraldehyde ( l . 2 g )  
aminoacetaldehydedimethyl a c e ta l  hydrochloride ( l . 6g) and NaCN 
( 0 .8 g ) ,  N-(pd-cyano-3, 4-dim ethoxyhenzyl) aminoacetaldehyde dimethy1 
a c e ta l  (4 5 ) was obtained as a pale lemon o i l  ( l . 8 7 g ,  9 2 / ) ,  N.M.R. 
(CDClg) 7 .11  d [ 1]  J =8 Hz and 6.88 d [ l ]  J=8 Hz (C^-H and C^-H),
7 .08  s [ 1]  ( Cg-H) ,  4 .83  s [ 1] (Ar-CH-CN), 4 .50  t  [ l ]  J=5 Hz 
(CHg-CHCOMe)^), 3 .90 s [ 6 ]  (2  x Ai^OCH ) ,  3 .40  s [ t ]  (CHg-CH(OMe)g), 
2.89  d [2]  J=5.0  Hz (CH^g-CH(OMe)g), 2 .0  "broad s [ l ]  ( )NHj removed 
by BgO); D 3300, 2220 weak, 1594, 1513, 1265, 1150; mass m/e 
253 (M^-HCN) [lOO$]. (Pound: m'*'-HCN 253.1300 HÔ  req u ir es
253. 1314) .
Reaction o f  (45) with Benzyl ch lor id e  in the presence o f  base  
The am in on itr i le  (45) ( 300mg) ,  Na^COg (l40mg) and benzyl  
ch lor id e  were heated under r e f lu x  in acetone fo r  3hr. A fter  
removel of the so lven t  under reduced p ressure, the residue was 
d ig ested  in water and ex tra c ted  into  CHGlg (3 x 10ml). Removal
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of the dried  (MgSO^)CHCl^ afforded an oil(208mg)which s o l i d i f i e d  
on stand ing , mass m/e 253 (M^); V  1647 • The sample was 
id e n t ic a l  by I .R .  and T.L.C. w ith  the au th en tic  s c h i f f s  base  
( 46 ) prepared from veratraldehyde and aminoacetal heated under 
re f lu x  in benzene.
N -M ethyl-N -[^ -(3 , 4 -m eth y len ed ioxyb en zy l)-3 ’-methoxy-4*-benzyloxy.-  
b en zy l]  aminoacetaldehyde d ie t h y la c e t a l  (39)»
The a m in on itr i le  (43) ( l6 g )  in dry DMF ( 100ml) under was 
s t ir r e d  at 50° overnight w ith  NaH ( l .O g ) .  The blood red anion 
was cooled to room temperature and 3 ,4-m ethylenedioxybenzyl ch lor id e  
(8g) in DMF ( 25ml) was added dropwise over 6hr. The rea c t io n  was 
s t ir r e d  fo r  a fu r th er  24hr. and the excess  NaH destroyed whth MeOH.
The so lven t  was removed under 1mm pressure, at 90° over 6hr and 
the crude enamine ( ) was reduced w ith  aqueous e th a n o lic  sodium
borohydride for  4hr on a steam bath. A fter  leav in g  to stand  
overnight the so lven t was removed, water added (250m l), and the 
mixture ex trac ted  with e th er  (3  x 100ml). The combined e th er  extract:  
were washed with 2N NaOH (2 x 50ml) and water (2 x 100ml), dried  
(MgSO^) and evaporated to  leave  a mixture of the required (39) 
contaminated w ith  some unalkylated  (47)» Chromatography over  
alumina and e lu t io n  w ith  p e tro l  (40 -6o)/b en zen e gave a pure 
sample o f  (39)* N.M.R. (CDCl^), 7*5-6 .65  complex [ l l ]  (Aromatic H), 
5.92  s [2] (-O-CH^-O), 4 .98  s [ 2] (Ph-CHg-0-), 4 .51  t  Ll]
J=5.2  Hz (-CH-CHg-N), 3 . 8- 2 .7 complex [ 7] (OCH^CH )̂  ̂ plus  
( Ar-CHg-CH) 3 .80  s [ 3]  ( Ar-OCH^), 2.58 and 2 .51  two d ou b lets  
[2] J=5.2  Hz (-CH-CHg-N), 2 .35  s [3] (N-CH^), 1 .15 t  [6 ]  J=7.1 Hz 
(OCHgCH^)g; mass m/e 50? (l'^) 372 270 [ S l / J ,
242 [lOO$], 227 [lOO$I
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Further chromatography over alumina and e lu t io n  w ith  
benzene gave ( 47 ) as an o i l .  N.M.R. (CDCl^) 7 .5 -6 .5  complex [ 8]  
(Aromatic H) ,  5 .14 s [ 2]  (Ph -  CH^-O-), 4 .6 4  t  [ l ]  J=5.2  Hz 
(CH-CH^-N), 3 .88  s [ 3 ]  (Ar-OGH ) ,  3 .15 s [2] (Ar-CH^-N),
2 .57 two q u artets  [ 4]  J=7*l Hz (OCH^CHg)^, 2 .56  d [g ]  J=5.2  Hz 
(CH-GH^-N), 2 .30  s [3 ]  (N-CH^), 1 .20  t  [ 6 ]  J=7.2  Hz (OCHgCHJg, 
mass m/e 373 (M+) [ 5/ ] ,  328 [ 6 / ] ,  27O [ l 2 / ] ,  227
The unch aracter ised  crude enamine ( 41) ( l .O g )  was s t ir r e d  in  
6N HCl (50ml) fo r  l8 h r ,  and ex tracted  in to  CHClg (3 x 30ml), washed 
(HgO) and dried (MgSO^). Evaporation of the so lven t  a fford ed , a 
gum which c r y s t a l l i s e d  under e th e r .  R e c r y s t a l l i s a t io n  from MeOH 
afforded white n eed le s  (200mg), m.p. 98“9° which showed the same 
N.M.R. and I .R . sp ectra  as 4-benzyloxy-3-m ethoxyphenyl 3 ,4 -  
methylenedioxybenzyl ketone (33b) prepared from the am in o n itr i le  (32a)
(p i 5 9 ) .
Experim entally  i t  was found b est  to subject  the mixture of (39)  
and ( 47) to the c y c l i s a t io n  c o n d it io n s  and to  purify  the f in a l  
mixture by column chromatography.
N-Methyl-N-[p<^-( 3 , 4-methylened ioxybenzyt^3 * -b en zy loxy-4  ' -methoxy-  
benzyl] aminoacetaldehyde d ie t h y la c e t a l  ( 4 0 ) .
This was obtained , to g e th er  w ith  (53) by an analogous method 
to the above procedure. The a c e ta l  ( 40 ) was obtained as an o i l .  
N.M.R. (CDClg) 7*55-6 .3  complex [ l l ]  (Aromatic H), 5*84 s [ 2]  
(-O-CHg-O), 5*13 s [ 2]  (Ph-CHg-O), 4 .51  t * [ l ]  J=5.2  Hz (CH-CHg-N),
3 . 8- 2 .65  complex [ 7] (OCHgCHg)g plus ( ArCHg-CH), 3 .85 s f 3] ( Ar-OCH^),
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2 .56  and 2 .51  two d ou blets  [ 2] J=5.2  Hz ( CH-CHg-N), 2 .25  s [ 3]
(N-CH , 1 .18  t  [ 6] J=7.1 Hz (OCH.CHj^); u  _ (CHCl, so lu t io n )  u c  j) d  rnsjc j)
1506, 1491, 1446, 1253; mass m/e 507 (l"^) [ l $ J ,  372 [ 86$ ] ,
270 [45$] , 242 [ 98$] , 227 [100$] .
The amine (53) was e lu ted  from the alumina column w ith  benzene 
as an o i l .  N.M.R. (CDClg) 7*5 -6 .5  complex [ 8]  ( AromaticrH),
5 .14  s [ 2]  (Ph-CHg-O), 4 .62  t  [ 1]  J=5.2 Hz ( CH-CHg-N), 3*84 s [ 3 ]  
(Ar-O-CHg), 3*50 s [ 2 ]  (Ar-CHg-N), 3*57 two q u a rte ts  [ 4]  J=7 Hz 
(OCHgCH^)g, 2 .55  d [ 2] ,  J=5.2  Hz ( CH-CHg-N), 2 .25  s [ 3] (N-GH ) ,
1.18 t  [6 ]  J=7 Hz (OGH CH ) ; u ^ (CHGl^ s o lu t io n )  I 508, 1255,
1056, 1023; mass m/e 373 (M"*") [ 4 . 4/ J ,  3 2 8 (4 . 4/ ] ,  270 [18 . 5/ ] ,
227 [ 100/ ]  .
The uncharacterised  crude enamine (42) ( l .O g )  was s t ir r e d  in  
6N HCl (50ml) fo r  l8h r .  and ex tracted  in to  CHCl  ̂ (3  x 30ml), washed 
(HgO) and dried  (MgSO^). Evaporation of the so lven t  afforded  a 
white s o l id ,  m.p. 144-5° (EtOH) which showed the same N.M.R. and
I .R . sp ectra  as 3-be nz,y 1 oxy-4-me thoxy phe ny 1 3 , 4-me th y len ed i oxy 
bdhzyl ketone (33c) prepared from the am in o n itr i le  (32b) ( p 160 ) *
C y c lisa t io n  to the isopavine (6^) and the pavine ( 51) .  The 
mixture of a lk y la ted  and unalkylated  benzylamines (39) and (47)  
was c y c l i s e d  without separation  by standing overnight in  6N HCl.
The s o lu t io n  was then heated on a steam bath fo r  6hr, coo led , d i lu te d  
with water and ex trac ted  in to  e th er  (2  x 100ml). The aqueous so lu t io n  
was b a s i f ie d  with sodium bicarbonate and ex tracted  in to  GHGlg 
(4 X 100ml). The combined GHClg e x tr a c ts  were washed w ith  NaHGO ,̂ 
water and dried  (MgSO^). Evaporation o f  the CHCl  ̂ layer  afforded  
a ye llow  s o l i d .  Chromatography on s i l i c a  preparative p la te s ,  
e lu t in g  w ith  CHClg afforded the pavine ( 51) ( 9 /  based on s t a r t in g
aldehyde ( j) C r y s ta l l i s a t io n  from MeOH gave a white s o l id
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m.p. 240-1° , N.M.R. (CDCl.), 6 .59 s [ 2 ]  (Ar-H), 6.48 s [ l ]
(Ap-H), 6 .44 s [ 1] (Ar-H), 5 .94  broad s [ l ]  (OH, removed by
EgO), 5*79, 5 .85  two doublets  J=1.4  Hz (OCHg-O), 3 .83 s [ 3]  (Ar-OCH^),
2 .52  s [ 3]  (N-CH^), 4 .10-4*20  complex [6] ( a l i p h a t i c  H);
N.M.R. (CD^SOGD ) ,  6 .75 s [ l ]  (Ar-H), 6 .72 s [ l ]  (Ar-H),
6.51 s [ 1]  (Ar-H), 6.39 s [ 1]  (Ar-H), 5*92, 5*87 two s broad 
[ 2]  (OGHg-O), 3*75 s [ 3]  (Ar-OGH^), 2.38 s [3](N-CH^), 4 .0 - 2 .2  
complex [ 6 ]  ( a l ip h a t ic  H)j (CHCl ) 3400-3200, I 505, 1487,
1253; X  ̂ (^) 293 ( 9000) on the ad d it ion  of NaOH X 302;
} \  (hexane) reso lved  in to  278, 284, 289, 302,?M;mass m/e
326 (M"̂  + 1) f l l / J ,  325 (m"̂  ) [ 69/ ] ,  324 (m"̂ -1 ) [46 .5  / ] ,
282 [ 5/ ] ,  190 [ 99/ ] ,  188 [ l O O f o ] .  (Found: C, 70 .1 ;  H, 5*9;
N, 4?3* Ĝ ^Ĥ ^NÔ  req u ires  C, 70 .1; H, 5 . 9 ; N, 4*070
The s low est f r a c t io n s  from the s i l i c a  p la te  were ex trac ted  
in to  MeOH by so x h le t  and p la ted  on alumina. E lu tion  with CHCl  ̂
afforded the isopavine (6g) ( 8 /  based on s ta r t in g  aldehyde) 
m.p. 186-7 (EtOH). N.M.R. (CDCl^) 6 .50 s [ l ]  (Ar-H), 6 .63  s [ l ]  
(Ar-H), 6 .75 s [ 2] ( 2 XAr-H), 5*86 and 5*82 two doublets  [ 2]
J=l*5 Hz ( OCHg-O) ,  5*30-5*0 broad s [ i j  (-0H, removed by DgO),
3*85 8 [ 3]  (Ar-OCH^), 3 *85- 2 .30  complex [6 ]  ( a l i p h a t i c  H);
N.M.R. (CD SOCDj), 6 .39 s [ l ]  (Ar-H), 6.81 s [ l ]  (Ar-H),
6.72 s [ 1]  (Ar-H), 6.58 s [ l ]  (Ar-H), 5 . 9O broad s [ 2 ]  (O-CHg-O),
6 .2 -5*5  broad [ l ]  (OH, removed by DgO), 3*76 s [ 3] (Ar-OCH^),
2*39 s [ 3]  N-CH^), 3 .8 - 2 .3  complex [ s ]  ( a l i p h a t i c  H); PART N.M.R. 
(GD̂ GOCD ) ,  6 .90  s [1]  (Ar-H), 6 .76 s [ l ]  (Ar-H), 6.68 s [ l ]  
(Ar-H), 6 .46 s [1] (Ar-H), 5*86 and 5*83 two d oublets  [ 2I J=1.5  Hz
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(OGHg-O); V  (GHGl s o lu t io n )  3450 sharp 3300-3000, 1602,
1505, 1485, 1370 broad, 1260, 1220 broad, 110?, IO38, 934, 86O;
Xmax 294 ( 7 , 000) ,  230 sh (1 0 ,0 0 0 ) ,  on the ad d it ion  o f  NaOH 
A max 802; Peak r e so lu t io n  in hexane not as complete as w ith  
pavines(51.) and (5^  ̂ mass m/e 325 (m"*") [ 27/ ] ,  324 (m"*’- 1 )  [26/ ] ,
282 [ 22/ ] ,  190 [ 100/ ] ,  188 [ 4/ ] ,  m etastab les  2 4 4 .5 ,  2 1 3 .5 ,
214, 215 . The methiodide s a l t  formed from acetone with a mole 
o f  so lven t  m.p. 214-18° (Found: G, 53 .3; H, 5 . I ;  N, 2 .9 ;
CgQHggNÔ IGĤ COGĤ  req u ires  G, 52.6; H, 5 .4 ;  N, 2 . 7 / ) .
G y c lisa t io n  to the Isopavine (6h) and the Pavine ( 5 4 ) . The mixture 
of ( 40) and ( 53) was c y c l i s e d  in an analogous manner to  y i e ld  a 
s o l id  con ta in in g  the required isopavine (6h) and the pavine ( 5 4 ) .
The mixture was d is so lv ed  in GHGl  ̂ and s t ir r e d  w ith  SiOg overn ight .  
The s i l i c a  was f i l t e r e d  and washed w ith  hot GHGl ,̂ and the 
combined GHGl  ̂ washings were evaporated to  a fford  a gum which 
c r y s t a l l i s e d  from acetone as the pavine (5 4 )  ( 15/  on s t a r t in g  
aldehyde) w ith 1 mole of so lv en t  of c r y s t a l l i s a t i o n .  (Found:
G, 69. 3 ; H, 6 .3 ; N, 3 . 9 ; Ĝ gĤ gNÔ GĤ GOGHj req u ires:  G, 68 .9;
H, 6 .6; N, 3 * 7 / ) .  The mole of acetone was removed under vacuum 
at 110°, to  a fford  c r y s t a l l in e  pavine m.p. 206-7° N.M.R. (GDGl^) 
6.67 s [ 1]  (Ar-H), 6 .60  s [ 1]  (Ar-H) 6 .44 s [ 2 ]  (2xAr-H),
5 .87  and 5 .82  two dou b lets  [ 2]  J=1.5 Hz (OCHg-O), 5*4-5 .1  broad s 
(OH, removed by DgO), 3*77 s [3](Ar-0CH^), 2 .53  s [ 3]  (N-GH^),
4 .0 -2 .3  complex [ 6 ]  ( a l i p h a t i c  H); N.M.R. (GD^SOCD^), 6 .75  s f l ]  
(Ar-H), 6.58 s [ 1] ,  (Ar-H), 6.51 s [ 2]  (2xAr-H), 5*92, 5 .88
two broad s [2]  (OCHg-O), 3 .69  s [ 3] (Ar-OGH ) ,  2 .39  s [ 3]
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(N-CH^), 3 .9 5 -2 .2  complex [6 ]  (A l ip h a t ic  H); u 2700 broad,
1603, 1527, 1490, 1241, 1230, 1109, 1027; A max (&) 293(9300),
225 sh ( 13 , 000) ,  on the a d d it io n  of  NaOH (hexane) reso lved
in to  279, 285 , 290, 303; mass m/e 325 (M*̂ ) [65/ ] ,  224 (M"^-l)
[ 43/ ] ,  282 [4/ ] ,  188 [100/ ] ,  190 [ 76/ ] .  E xtraction  of the
SiOg w ith  hot MeOH and subsequent p la t in g  on alumina afforded
the isopavine ( 62) ( 9/  based on s ta r t in g  aldehyde. R e c r y s t a l l i s a t io n
from EtOH afforded white c r y s t a l s  m.p. 215-16° , N.M.R. (CDCl^),
6 .70  8 broad [ 2]  ( 2xAr-H), 6 .62  s [ l ]  (Ar-H), 6 .46  s [ l ]  (Ar-H),
7 . 2 - 6 ,8 broad [ l ]  (OH, removed by DgO), 5*85 and 5 .80  two
unresolved d oublets  [ 2]  J=1 Hz (O-CHg-O), 3«80 s [ 3]  (Ar-OGH^),
2.44 s [ 3]  (N-GH^), 3 .7 - 2 .2  complex [ 6 ]  ( a l i p h a t i c  H); N.M.R.
(GD SOGD ) ,  6 .83 s [ 1]  (Ar-H), 6.78 s [ l ]  (Ar-H), 6.72 s [ l l
(Ar-H), 6 .53  8 [ 1]  (Ar-H), 6 .1 -5 .7  broad [ l ]  (OH, removed by DgO),
5.91 and 5 .86  two d oublets  [2]  J=1 Hz (OGHgO), 3 .74  8 [3 ]  (Ar-OGH^),
2 .31  s [ 3] (N-GH^), 3 .8 - 2 .2  complex [6 ]  ( a l i p h a t i c  H); PART N.M.R.
(GDGOGD^) 6.88 s [ l ]  (Ar-H), 6.79 s [ l ]  (Ar-H), 6 .70 8 [ l ]
(Ar-H), 6 .48 s [ 1] (Ar-H), 5*88 and 5 .84 two broad s [ 2]  (CWGHg-O).
D max (CHGl^ s o lu t io n ) ,  3450, sharp 3300-3000, 2300, 1602, 150O
strong , 1485 strong , I 368 broad, 1260, 1220 broad, 1102, IO38, 933,
8 6 8 ; / I m a x  294 ( 8OOO), 230 sh (1 2 ,7 0 0 ) ,  on the ad d it ion  of NaOH
A 304; Peak r e s o lu t io n  in hexane not as complete as w ith   ̂ max
pavine8 ( S i )  and ( 5 4 ) .  mass m/e 325 (M^) [36 . 6/ ] ,  324 (M^-l)
[ 34 . 6/ ] , 2 8 2 [38 . 5/ ] ,  190 [ 100/ ] ,  188 [0 . 9/ ] ,  m etastab les  244*5, 213 .5 ,  
214, 215. (Found: G, 69 . 8 ; H, 6.05; N, 4 .2 ;  G^^H^NO^
requ ires:  G, 70 .1 ;  H, 5*9; H, 4 . 3 / ) .
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Hofmann Degradation of ( 6h) to  (6 6 ) .  The methiodide of (6h) 
m.p. 245° (l20mg) was heated on a steam hath fo r  6hr. under Ng 
with MeOH (lOml) and KOH p e l l e t s  ( 4 g ) .  The r e s u l t in g  red 
s o lu t io n  was evaporated to  dryness, water (5ml) added and the 
so lu t io n  a c i d i f i e d  w ith  6N HCl, then h a s i f ie d  w ith  NaHCO .̂ 
E xtraction  in to  ether  and concentration  o f  the e th er  phase 
afforded a pale yellow  s o l id  ( 90mg); mass m/e 339 (M*) [ 7/ J ,  28 l  
[lOO/J m etastable  2 3 2 .7 .  R e c r y s t a l l i s a t io n  from EtOH afforded  a 
white c r y s t a l l in e  s o l id  m.p. 184° ,  N.M.R. (CD^SOCD^), 6 .9 5 -6 .6 8  
complex [ 6 ]  (4 x Aromatic H, plus 2 x o l e f i n i c  H), 6 .02 and 5*98 
2 broad s [2 ](0-C H g-0), 4 .12  t  [ l ]  J=8 Hz (N-CHg-CH); 3 . 8O s [ 3] 
(Ar-OCH^), 2 .07 d [ 2]  J=8 Hz (N-OHg-CH), 2 .01 s [ 3]  (N-(CH )g)
^ max (CHCl^ s o lu t io n )  3550 sharp, 3300 broad, 29OO, 1595, 1485, 
1267, 1040; A max ^42 (1 7 ,4 0 0 ) ,  320 ( lO ,4 4 0 ) ,  on a d d it io n  
of NaOH A max ^23, 260 sh mass m/e 339 (M*̂ ) [ 9/ J ,  281 [lOO/]  
m etastable 232.7* (Found: C, 7 0 .5 /  H, 6 .2 ;  N, 4*1* ^20^21^^4
req u ires  C, 70 .8; H, 6 .2; N, 3*9/)*
Hofmann Degradation o f  (6g) to  ( 67) .  The methiodide o f  (6g)  
was degraded to ( l2 a )  in an analogous manner to  g iv e  a ye llow  
s o l id ,  m elt in g  over 152-158°. This substance, which could not
be fu rth er  p u r if ie d ,  contained a small amount o f  the a l t e r n a t iv e
methine base (by N .M .R.). m/e 339 (M^) [ 8 / J , 2 8 l  [lOO/l m etastable  
232. 7 ; i5 (CHCl^ s o lu t io n )  3550 sharp, 3300 broad, 1513, 1491, 
1267, 1045, 945, 876; N.M.R. (CDCl^) 6 .9 -6 .5  complex [ 6 ]  (Aromatic 
H plus o l e f i n i c  H), 5*90 and 5*86 two d oublets  [ 2]  J=1.5 Hz
(O-CHg-O), 4 .7  broad [ l ]  (-0H, removed by DgO), 3*96 t  [ l ]
J=8 Hz (N-CHg-CH) 3.84 s [ 3]  (Ar-OCH ) ,  2 .6  d [ 2] J=8 Hz
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(N-CHg-CH), 2 .1  s [3](N-(CH^)g) ^  ^ax (^^0%) 300, 320, 235 ( s h ) .
X (EtOH/NaOH) 300, 350, 260 ( s h ) .  (Pound; C, 70 .2;  H, 6 .2 ;
N, 3 . 9 . C^^Hg NÔ  req u ires  C, 70 .8; H, 6 .2 ; N, 3 . 9 / ) .
( t)-R efram ine M ethiodide. The isopavine (6g) ( 20mg) was 
methylated w ith  an e th e r e a l  diazomethane so lu t io n  fo r  20hr.
The s o lu t io n  was evaporated, the residue d is s o lv e d  in 2N HgSO  ̂
and the so lu t io n  h a s i f ie d  w ith  NaOH and ex tracted  w ith  e th e r .  The 
ether  so lu t io n  o f the non-phenolic  hase was trea ted  w ith  methyl 
io d id e ,  and the p r e c ip ita te d  product c r y s t a l l i s e d  from methanol 
(l2mg) m.p. 263- 5° .  A mixed m.p. w ith  reframine methiodide  
m.p. 263- 4° ,  melted at  263-265°. The I .R .  spectrum of the product 
was id e n t ic a l  w ith  that o f  reframine m ethiodide.
The same treatment o f  isopavine ( i f )  afforded a white
c r y s t a l l in e  methiodide m.p. 262- 4° ,  which when mixed with reframine 
methiodide melted at 262 -4° .
The Pavine Methiodide. The pavines ( 51) and (54) were each 
methylated as described  above and the methiodide s a l t s  of the 
products had m.p. 272-4°, undepressed upon admixture.
Pseudocyanide. A mixture of the a lk y la te d  and unalkylated  
a c e t a l s  ( 40 ) and (53) ( i g )  was sea led  under Ng w ith  concentrated  
HCl ( im l)  and heated at 50° for  48 hr. A fter  d i lu t io n  with  
water (lOml) and washing with e ther  (2  x 10ml) the so lu t io n  was
b a s i f ie d  with NaHCÔ  and ex tracted  in to  CHCl  ̂ (3 x 15ml). The
combined CHCl  ̂ e x tr a c ts  were washed with NaHCÔ  so lu t io n  (2 x 5ml), 
brine (2  x 10ml) dried  (MgSO^) and evaporated to  afford  a yellow  
s o l id  (270mg). The mass spectrum of th ese  crude bases  showed 
m olecular ions corresponding w ith  pavine, isopavine and 
unalkylated  t e t r a  h yd ro isoq u in o lin e .
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To the combined NaHCÔ  so lu t io n  was added NaCN, fo llow ed  by 
e x tr a c t io n  in to  e th er  (3 x 20ml). The combined e th er  e x tr a c ts  
were washed with b r in e ,  dried  (MgSO^) and concentrated to  
afford  a pale yellow  s o l id  (20mg). 250sh, 289, 316. Addition
of a drop of d i lu t e  HCl to  the sample gave A 253 s tron g , 315, 
374. Mass m/e 325 (M^-HCN), I 90 (m'*'-HCN and m ethylened ioxybenzyl) , 
217/218 (M +-methylenedioxybenzyl). Reduction o f  the suspected  
pseudocyanide (72) w ith  NaBH  ̂ in  aqueous EtOH on a steam bath fo r  
Ihr. fo llow ed  by workup fo r  phenolic  bases afforded an o i l  (lOmg),
A max ^^4, ( t y p ic a l  te tra h y d r o iso q u in o lin e );  mass m/e I 92 (M^- 
methylene d ioxybenzyl) [ lO O /], 327 (M^)^ [ 3/ ] .
I s o la t io n  o f  l-b en zy l-2 -m e th y l-6 -h y d r o x y -7 -m e th o x y - l ,2 ,3 ,4 -  
te trah yd ro isoq u in o lin e  ( 7 4 ) .
The b ases  (400mg) from the acid ca ta ly sed  c y c l i s a t io n  o f  the  
mixture of a c e t a l s  (39) and (47) (p l69)  were d is so lv e d  in EtOH 
(40ml) and hydrogenated over lO fo  Pd/C under 301b/sq in of Hg. 
Removal of the c a ta ly s t  and so lv en t  afforded a ye llow  brown s o l id  
which was chromatographed by P.L.C. over s i l i c a .  Su ccess ive  
e lu t io n s  w ith  CHCl /̂MeOH 90/IO , afforded at RF 0 .1 5 ,  a ye llow  
band which was removed from the s i l i c a  w ith  cold MeOH. The 
product (lOOmg) was fu rth er  chromatographed on s i l i c a  w ith  the 
same so lven t  system, removed by soxh le t  w ith  CHCl  ̂ and the 
so lven t  removed. C r y s t a l l i s a t io n  o f  the product from acetone  
afforded pale yellow  n eed le s  (28mg), 7/  of bases)  m.p. l 6 0 - l °  
l it^O  157- 8° ,  N.M.R. (CDCl^) 7 . 3- 7 .0  broad [ 5]  (C^H^-CHg),
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6.56  s [ l ]  (C^-H), 5 .83  s [ i j  3 .66  m [ l ]  (C^-H),
3 .44  s [ 3]  (ArOCH ) ,  2 .48  s [ 3]  (N-CH^), 3 .5 0 -2 .5 0  complex [ ô ]
(3 X CHg). This N.M.R. spectrum in agreement w ith  th at  
5 0
reported^ . O (KBr d is c )  3000hroad, I 5IO, 1273, 1112, 88O,
790, mass m/e 282 (m’*'-1) [ 3 / ] ,  192 [lOO/J, 177 f e o / ] ,  9I [ 14/ ] .
(Found; 282 .1490. C^gHg^NOg (M^-l) req u ires  282-1494)
Attempts to N-methylate the pavine (59)
Treatment o f  ( 5 9 ) (l55mg) in  EtOH ( 100ml) w ith  formaldehyde 
( 37/ )  (3ml) at R.T. fo r  48hr gave a c le a r  so ln  which was s t ir r e d
with NaBH  ̂ (4g) fo r  2hr. The mixture was then heated at steam
bath temperature fo r  a furth er  2hr and the so lven t  then removed 
in vacuo. HgO (20ml) was added to the res id ue  which was ex tracted  
in to  CHCl  ̂ (3 X 20ml). The bulked organic phase was washed (HgO) 
dried (MgSO  ̂ and evaporated to g ive  I 5I mg of an o f f  white s o l i d .  
T.L.C. on s i l i c a  e lu ted  w ith  CHCl /̂MeOH, 80 /20  and subsequent iodine  
s ta in in g  showed at RF 0 .8  the N-methyl pavine ( 51) w ith  at  RF 0 .72  
unreacted s ta r t in g  m ater ia l ( 5 9 ) .  Mass m/e of mixture in c lu d es  
311 (M" )̂, 325 (m" )̂. I .R . in c lu d es  3280, 3100-2400.
The r ea c t io n  above was repeated using 2 drops of g l a c i a l  HAG 
to  c a ta ly s e  the condensation w ith  HCIiO. T.L.C. of the product 
compared w ith  au th en tic  samples o f  ( 51) and (59) showed the  
presence of unreacted (5 9 ) .
Formation of the N-oxide ( 63) o f  pavine (5 l )«
A so ln  of the pavine ( 51) (l50mg) in  MeOH (25ml) was s t ir r e d  
at R.T. fo r  48hr. with HgOg ( 30/ ,  3ml) and the product c o l le c t e d
by f i l t r a t i o n  (96mg, 6 1 /) m .p. 2 4 8 -5 2 ° ,U 3320, I265 s tro n g , 
1248 s tro n g ; mass m/e 3 4 1  (M^) [ 4/ ] ,  3 2 5  [6 (^ 7 , 3 2 4  [ 5 6 / ] ,
190 [ 9 6 / ] ,  188 [1 0 0 /] ;  T.L.C. s i l i c a  (CHClg/leOH, 8 0 /2 0 ) .
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Iodine s ta in e d ,  RF 0 .4  c f  pavine ( 5 l )  RF 0 .8 2 .
Treatment o f  the N-oxide ( 63) w ith  SOg.
To the N-oxide ( 63) 90mg was added l iq u id  S0_ (lOml),  
fo llow ed h,y N,N-dimethylacetamide ( im l ) .  A fter  48hr at about 
- 4 0 ° ,  ex ce ss  SOg was removed, conc. HCl (irai) was added and the 
mixture heated on a steam bath fo r  5min. B a s i f ic a t io n  with  
NaHCO ,̂ fo llow ed  by CHCl  ̂ e x tr a c t io n ,  y ie ld e d  a s o l id  product 
(6lmg) which c r y s t a l l i s e d  from MeOH m.p. 240°, T.L.C. comparison 
with au th en tic  ( 51) confirmed regeneration  of s ta r t in g  pavine.
Reaction o f  the pavine ( 51) with ethylch loroform ate
A so ln  of  ( 51) (l50mg) in CHCl  ̂ (lOml) was s t ir r e d  fo r  l8hr  
w ith  KgCÔ  (80mg) and ethylch loroform ate (2m l) .  Water (5ml) was 
added and the CHCl  ̂ la y er  separated , dried  (MgSO^) and evaporated  
to a fford  the d icarbethoxypavine ( 64) ( l 85mg, 8 8 / )  m.p. 200-1°,
N.M.R. (DMSO) 7 .13  s [ 1 ] ,  6.89 s [1] , 6 . 8O s [ l]  , 6 .52 s [ l ]
(4 X aromatic H) ,  5*91 and 5*85 ; 27 s i n g l e t s  [2] ( O-CHg-O) ,  5*5-5 .25
o p
broad s [ 2] (2 x methine H), 4*16 q [ 2]  J=7*5 Hz and 4*10 q [ 2 ]
J=7*5 Hz (OCOOCHgCH and N-COOCHgCH ) ,  3*76 s [ 3] (ArOCH^), 3*3 -2 .5  
complex [ 4]  (2 X  b en zy lic  CHg), 1.24 t  [ 3] J=7*5 Hz and I . I 9 t  [ 3]
J = 7 .5  Hz (OCOOCH.CH_ and NC00CH„CHJ; v  _ 1757, I69O; A (^()
d  -“3  d  ITISJC IIÎSX
290 ( 7200) ,  295 sh ( 6000) ,  280sh ( 5 , 600); Xmax ( '̂kOH/NaOH) same 
as above; mass m/e 455 (m”*") [ l l / ] ,  381 [ 6 / ] ,  246 [lOO/].
A lk a li  h y d ro ly s is  of dicarbethoxypavine (6 4 )
A s o ln .  of (64) (l60mg) in EtOH (2ml) and NaOH ( 30/ ,  10ml) 
under Ng was heated under r e f lu x  for  3hr. The EtOH was removed 
in vacuo and the c a u s t ic  so ln  a c i d i f i e d  w ith  HCl then ex tracted  
in to  e th er  (4  x 50ml). The combined e ther  phase was ex tracted
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w ith  2N HCl (3  X 10ml) fo llow ed  by 2N NaOH (3  x 10ml), then HgO. 
A fter  drying (MgSO^) the e th er  was removed to  afford  the s ta r t in g  
m ateria l (M )  (l52mg) m.p. 199-200°. The same m ateria l was 
re d isso lv e d  in EtOH (2ml) and NaOH soln  ( 5 0 / ,  10ml) under Ng and 
heated under r e f lu x  fo r  l8 h r .  The same workup procedure as above 
afforded a pale yellow  2N HCl so ln  which was b a s i f ie d  (NaHCO^) and 
extracted  in to  CHCl  ̂ to  a fford  a white s o l id  (57mg, 59 /)  m.p.
256- 8° (MeOH), mixed m.p; w ith  syn th esised  (59) 256- 8°; max
3280, 3IOO-24OO, 1605, 1480, 1230, 1118, 920, 856 superimposable on 
spectrum of (59)* T.L.C. on s i l i c a  (CHCl^/MeOH, 80/ 20) fo llow ed  
by Ig s ta in in g  showed s in g le  spot at RF O.7  (a u th e n t ic  sample of
( 59) HE 0 . 7 . T.L.C. o f  product showed no spot at RF 0 .8  
corresponding w ith  pavine ( 51) .  mass m/e 311 (m"*") [ 78/ ]  » I 76 [ 90/ I ,
178 [100/ ] .
11. REFERENCES
179.
1. F.L. Pyman and W.C. Reynolds, J .  Chem. See. ,  97, 1320 ( 19IO).
2 . C. Schopf, Experim entia, 201 (1 9 4 9 ) .
3 . A.R. Battersby and R. Binks, J .  Chem. S ee . ,  2888 (1 9 5 5 ) .
4 . A.R. B attersby and B.A. Yeowell, I b id . , I 988 ( 1958) .
5 . T. Kametani, The Chemistry of the Iso q u in o l in e  a lk a lo id s ,
E ls e v ie r ,  Amsterdam ( I 969) .
6. F. Santavy, The A lk a lo id s  (Edited by R.H.F. Manske) v o l .  12, p. 333.
Academic p ress .  New York ( 1970) .
7 . M.S. Yunosov, S.T. Abramov and S .J .  Yunusov, Dokl. Akad. Nank.
UZSSSE2 1 , 38 (1 9 6 6 ).
8 .  M.S. Yunasov, S.T. Abramov and S .J .  Yunusov, Khim. P r ir .  S oed in .,
1, 68, ( 1967); 9 . I b i d . ,  4 , 225 ( 1968) .
10. J .  S la v ik ,  L. S lavikova and L. D o le js ,  C o l l .  Czech. Chem. Commun. ,
4066 ( 1966) .
11. H.G. Boit and H. F le n t je ,  N aturw iss . ,  514 (1959); 4% I80 ( i 960) .
12. F. Santavy, M. Maturova and L. Hruban, Chem. Commun. , 36 ( I 966) .
13 . L. Hruban and M. Maturova, C o ll .  Czech. Chem. Commun. ,  31 , 4286
(1 9 6 6 ).
14. S.M. Kupchan and A. Y oshitake, J .  Org. Chem. ,  34 , 1062 ( I 969) .
15 . S .F . Dyke and A.C. E l l i s ,  Tetrahedron, 28 , 3 9 9 9  (1 9 7 2 ) .
16. L. D o le js  and V. Hanus, C o l l .  Czech. Chem. Commun. , 33 , 6OO ( 1968) .
17 . R.H.F. Manske, K.H. Shin, A.R. Battersby and O.F. Shaw,
Can. J .  Chem. ,  2183 ( 1 9 &5 ) .
18 . L. D o le js  and J .  S la v ik ,  C o ll .  Czech. Chem. Commun. ,  33 , 3917 
( 1968) .
19 . M. Shamma and J .L . Moniot, Tetrahedron L e t te r s ,  3425 ( l 9 7 l ) »
20. S .F . Mason, K. S c h o f ie ld ,  R .J . W ells, J .S .  Whitehurst and
G.W. Vane, I b i d . ,  137 (1967 ) .
l8o.
21. 0 . Crevinka, A. Fabryova and V. Hovak, I b id . ,  5376 ( 1966) .
22. A.C. Barker and A.R. B attersby , J .  Chem. Soo. (C), I 317 ( I 967) .
23 . S .F. Dyke and A.C. E l l i s ,  Tetrahedron, 27, 3003 ( l 9 7 l ) *
24 . K. I t o ,  H. Furukawa and H. Tanka, J .  Chem. Soc. (P ) ,  IO76 (1970)«
25 . K. Kunitoma, Y. Okamoto, E. Yuge and Y. N a g a ii ,  Tetrahedron L e t t e r s ,
3287 ( 1969) .
2 6 . I .  R ibas, J .  Sueiras and L. Casedo, I b i d . ,  2033 (1 9 7 2 ) .
27 . M. Sainsbury, D.W. Brown, S .F . Dyke and G. Hardy, Tetrahedron,
29 , 1881, ( 1969) .  D.W. Brown, S .F . Dyke, G. Hardy and
M. Sainsbury, Tetrahedron L e t te r s ,  1515 ( 1969) .
2 8 . D.W. Brown, S .F . Dyke and M. Sainsbury, I b id . , 25, 101 ( 1969) .
29 . S .F . Dyke and G. Hardy, unpublished work. U n ivers ity  of Bath.
30 . D.R. D alton, S . I .  M i l le r ,  O.K. Dalton and J.K. C r e l l in g ,
Tetrahedron L e t t e r s , 575 ( l 9 7 l ) .
31 . A.C. E l l i s ,  Ph.D T h es is ,  1973, U n iv ers ity  of Bath
32a. P.H. Gore, F r ied e l  C rafts  and re la te d  r e a c t io n s  (e d ite d  by G.A.Olah) 
v o l . 3, P T .l .  P . l .  I n te r s c ie n c e ,  London ( 1964) .
32b. W.S. Ide and J .S .  Buck, Organic R eactions 4 (1948 ) .
32c. M.S. Kharasch and 0 . Reinmuth, Grignard R eactions of N on-M etallic
Substances , P ren tice  H a ll ,  New York (1 9 5 4 ) .
32d. W. Ruske, F r ied e l C rafts  and re la ted  r e a c t io n s  (Edited  by G.A.Olah) 
V o l .3, P T .l ,  P .383. I n te r s c ie n c e ,  London ( 1964) .
32e. W.D. O l l i s ,  K.L. Ormond and I .O . Sutherland, J .  Chem. Soc. (C ),
119 ( 1970) .
33a. C.R. Hauser, H.M. Taylor and T.G. Ledford, J .  Am. Chem. Soc. ,  82
1786 ( i 9 6 0 ) .
33b. C.R. Hauser and G.F. M orris, J .  Org. Chem. ,  26 , 4740 ( I 961)
I8 l .
34a. J .  K losa, J .  P ract .  Chem. ,  12j, 258 ( 196I ) ,
34b. C.P. Martin and U.L. Nanayanson, J .  Org. Chem. ,  26 , 2127 ( I 961) .
34c. P. Van D a ile ,  Chem. Ver. ,  23, I 63 ( 1961) .
34d. D.B. Luten J r ,  J . Org. Chem. ,  3 588 (1939)*
35a. M. Miocque, M. Duchon d*Engenieres, 0 .  Lafont, R. Raynaud,
J .  Thomas, N. Borme and P. P ourrias ,  Chem. Ther. ,  %, 287 (1972),  
b. Y. A rai, T. Kamikawa and T. Kubota, Tetrahedron L e t t e r s ,  I 6I 5 
( 1972) .  0 , O.L. S a le r n i ,  A. P ost ,  F. B a iocch i,  B.E.Smart and
C.Cheng J .  Pharm. S o i . ,  36 , I 685 ( 1967) .
36a . J.W. Loder, Aust. J .  Chem. ,  I 3 , 296 ( 1962) .
36b. S .F . Dyke and E.P. T i l e y ,  Tetrahedron L e t t e r s , 5175 (1 9 7 2 ) .
36c .  T. Koyama, Y. K atsuse, M. Toda, T. H irota  and M. Yamato,
J .  Pharm. Soc. Jap. 9 0 , 1207 ( 1970) ,  For a b stra c t  see I .C .  171657*
37* S.F . Dyke, D. Gale, E .P. T iley  and A.W.C. White, unpublished work.
U n iv ers ity  of Bath.
38 . J .L . Neumeyer, M. McCarthy, K.W. Weinhardt and P.L. L ev ins ,
J .  Org. Chem. ,  2890 ( I 968) .
39* F.R. Sterm itz and J .N . Sneiber, J . Org. Chem. ,  31 , 2926 ( 1966) .
4 0 . S.T. Lu and P.K. Lan, Yakugaku Zssshi 8 6 , 177 ( 1966) .
4 1 . S. Natarjan and B.R. P a i ,  Indian J . Chem. , 10, 451 (1 9 7 2 ) .
4 2 . C.H. Chen and T.O. Se ine , J .  Pharm. S c i . ,  6I , 55 (1 9 7 2 ) .
43* R.H.F. Manske and K.H. Shin, Can. J .  Chem. ,  44, 1259 ( I 969) .
4 4 . M.P. Cava and M. S r in ivasan , J .  Org. Chem. ,  37 , 330 (1 9 7 2 ) .
45* J .T .  Edward and J .  Whiting, Can. J .  Chem. ,  49 , 3512 ( I 971)*
4 6 . F.R. Stermitz and K.D. McMurtney, J .  Org. Chem. ,  3 4 , 557 ( 1969) .
1 8 2 .
47* M.M. Abdel-Monem and T.O. Soine, J .  Pharm. S c i . ,  36 , 976 ( I 967) .
48 . M.M. Ahdel-Monem and P .S .  P o r to g te se ,  J .  Med. Chem. ,  13,
208 ( 1972) .
49' R'G. Kinsman, Ph.D T h es is ,  1972, U n iv ers ity  o f  Bath.
30 . A. B r o ss i ,  A .I .  Rachlin and S. T e i t e l ,  J .  Het. Chem. ,  4 , 417 ( I 967) .
31 . D.R. Dalton, M.P. Cava and K.T. Buck, Tetrahedron L e t t e r s ,
2687 ( 1965) .





In 1963, i t  was reported^ that when 2-methy1 - 1 , 2 -d ihydro-  
papaverine ( l a )  was trea ted  with d i lu t e  acid  a t  100°, a high  
y ie ld  of the 2 -m ethy l-3 -h en zy l-3 ,4~d ihydro isoq u ino lin ium  s a l t  (2)  
was formed. The mechanism of t h i s  conversion was of great
MeO OMe
OMe
(1 a) ( 2 )
in t e r e s t ,  being a 1 ,3  s h i f t  occurring with considerab le  e a s e .
Movement of the C=N̂  bond in to  conjugation w ith  the benzenoid
aromatic system presumably provides the necessary  energy ga in  to
2
promote the m igration . Knabe and Ruppenthal studied  p o te n t ia l  
migrating groups by su b jec t in g  a number o f  1 - s u b s t i tu te d
1,2-d ihydro iso q u in o l in e s  ( 3 ) to  the rearrangement c o n d it io n s .
They found that when R=benzyl, or alkoxy su b s t itu te d  benzy l,  
rearrangement occurred to  g iv e  the 3 -s u b s t i tu te d  3 ,4 -d ih y d ro -  
isoquinolin ium  s a l t  ( 4 ) ,  but when R=phenyl, p h en y leth y l,  methyl 
or b u ty l ,  d isp rop ortion ation  to  ( 5 ) and (6 )  was the only r e a c t io n  






I t  was suggested by Dyke and Sainsbury^ that the rearrangement 
in v o lv es  an interm ediate of the type (7)> but t h i s  mechanism, 
e s s e n t i a l l y  in tram olecular in nature, was qu ick ly  disproved by
NMe
(7)
demonstration o f  the in term olecu lar  character of the r e a c t io n  as  
d etected  by a crossed m igration experiment^. A mixture of
185.
equimolar q u a n t i t ie s  of 2~m ethyl-l ,2 -d ihydropapaverine ( l a )  and 





(1 a) ( 8 )
and the products examined, both as the -c y a n id e s  and the 
1 , 2 , 3 > 4 -te tra h y d r o iso q u in o lin es .  The presence of the two 
sym m etrically  su b st itu ted  products ( 9 ) and (lO ) was confirmed 




and the unsymmetrically su b s t i tu te d  products ( l l )  and (12) were 





chromatographic techn iques used. Examination of the products of  
the n l̂xed m igration revea led  m ater ia l w ith  the same chromatographic 
p rop ertie s  as a mixture of au then tic  samples of ( l l )  and ( 12) ,  and 
the t o t a l  products from t h i s  rea c t io n  were shown to  he in the  
r a t io  ( 9 ) Î ( lO ) : ( l l )  + ( 12) as 1 : 1 : 2 , in d ica t in g  an abso lute  
in term o lecu la r ity  fo r  the m igration .
5 6In these  la b o r a to r ie s  ’ the various  competing r e a c t io n s  o f  
l - b e n z y l - 2- m e t h y l - l , 2-d ih y d ro iso q u in o lin e  and the e f f e c t  of a l t e r in g  
the s tren gth  and molar r a t io s  o f  the ac ids  used were in v e s t ig a te d .  
Rearrangement was the predominant rea c t io n  under a l l  of the  
con d it ion s  employed, with pavine formation occurring at h igher  
temperatures and grea te r  ac id :b ase  r a t i o s .
7
In 1970, Knabe and P o w i l l e i t  published and d iscussed  three  
p o ss ib le  mechanisms fo r  the benzyl d ih ydro isoqu in o line  
rearrangement; two of them were io n ic ,  namely m igration of  
the benzyl group as an anion (scheme l ) ,  or as a cation  
(scheme 2 ) ,  and one r a d ic a l  type (scheme 3 ) .  They argued that  
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r a d ic a l  medhanism seemed h igh ly  improbable. Of the other ro u tes ,  
m igration of the benzyl group as an anion was favoured over the  
c a t io n ic  m igration , which they  suggested would require d isru p tion  
of arom atic ity  in the ca rb o cy c lic  r in g .
The rearrangement of an o p t ic a l ly  a c t iv e  sample o f  (13) has
J
been reported to y ie ld  an o p t i c a l ly  in a c t iv e  pseudocyanide ( I 4 ) .
A re-exam ination o f  t h i s  rea c t io n ^ ’  ̂ has revea led  that the
perch lorate  ( 15) derived from ( I 4 ) i s  o p t i c a l ly  a c t iv e .  T h is ,
i t  was considered , was support fo r  the an ion ic  mechanism over the
9
c a t io n ic  one. I t  was assumed that i f  the benzyl group becomes
com pletely free  during the m igration the c a t io n ic  form ( l6 a )
2
i s  sp hybrid ised  and can e a s i l y  become planar such th a t  o p t ic a l
189.
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a c t i v i t y  cannot be r e ta in e d .  I f  the an ion ic  form ( l6 b )  i s  
s t a b i l i s e d  by s o lv a t io n  of i t s  lone pair o f  e le c tr o n s ,  b efore
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(16a) (16 b)
be r e ta in e d .  Further i t  was argued that s t a b i l i s a t i o n  of the 
benzyl anion could, however, be achieved by charge d e lo c a l i s a t io n  
in vo lv in g  the aromatic ir system (l7 )>  r e s u l t in g  in racém isation









H a v in g  a l r e a d y  d e m o n s t r a t e d ^ * ^  t h a t  an  o x y g e n  f u n c t i o n  a t  
f a v o u r s  r e a r r a n g e m e n t ,  K n a b e  and  S i e r o c k s  w e n t  on  t o  s t u d y  t h e  
e f f e c t  o f  s u b s t i t u e n t s  i n  t h e  b e n z y l  r i n g ^ ^ ,  on t h e  y i e l d  o f  
r e a r r a n g e m e n t  p r o d u c t .  T h e y  c o n c l u d e d  t h a t  e l e c t r o n  d o n a t i n g  
s u b s t i t u e n t s  s u p p r e s s  r e a r r a n g e m e n t  an d  e l e c t r o n  w i t h d r a w i n g  
s u b s t i t u e n t s  p r o m o te  e l i m i n a t i o n .
12
I n  a  s u b s e q u e n t  s t u d y  b y  K n a b e  and  P o w i l l e i t  an  i n t e r e s t i n g  
e f f e c t  w a s  r e p o r t e d  w hen  t h e  m i g r a t i o n  w a s  c a r r i e d  o u t  on
1 , 2 - d i h y d r o p a p a v e r i n e  ( l )  w i t h  v a r y i n g  g r o u p s  a t t a c h e d  t o  t h e  






( la ) R = Me
(1b) R = Et
(1c) R = CH2Ph
(Id) R = C H M e2
occurred (scheme 4)> but whereas these  s id e  r e a c t io n s  gave s im ila r  
y i e l d s  in a l l  c a se s ,  the y ie ld  of rearrangement product decreased  
with increased  s iz e  of R.











S c h e m e  4 R-j = 3 ,4 -d im e th o x y b e n z y t
192.
Summarised below ( a -e )  are the fa c to r s  known concerning
0
the rearrangement; which Knabe e t  a l  appreciated  should be 
taken in to  account in any s a t i s f a c t o r y  mechanism.
(a )  The rea c t io n  i s  in term olecu lar .
(b) The rearrangement in v o lv e s  i n i t i a l  protonation  o f  the enamine 
at to  form a 1 ,4-d ihyd roisoqu inolin ium  ion .
( c )  The y ie ld  o f  the rearrangement product, as compared w ith  the 
y ie ld s  of m a te r ia ls  from the competing e l im in a t io n  and d isp rop ortion ­
a tion  r e a c t io n s ,  depends s tro n g ly  on the concentration  of the 
enamine. (A decrease in enamine concentration  r e s u l t s  in  a decrease  
in the y ie ld  of rearrangement product^^).
(d) The su b st itu en t  e f f e c t s  d iscu ssed  above, and the f a i lu r e  of  
groups such as ary l and a lk y l  to  m igrate, suggest  that -Ar 
bond i s  p o la r ised  as in d ic a te d .
( e )  An in crease  in the s i z e  o f  the s u b s t itu e n t  on n itrogen  r e s u l t s  
in a decrease in y ie ld  of the rearrangement product.
Knabe in co l la b o ra t io n  with Dyke^ considered that the 
in term olecu lar  character o f  the reac tion  could be in terp reted  in  
two ways.
1 . That the reac t ion  in v o lv e s  the m igration of a benzyl group, 
probably as an anion, to  a second iso q u in o lin e  moiety which lo s e s  
or has already l o s t  i t s  s u b s t i tu e n t .
2. A concerted b im olecular exchange r e a c t io n .
I t  was suggested^ that observation  ( e )  seems to  exclude the  
separation  of the benzyl group as an ion , or r a d ic a l ,  but that i t  
i s  compatible w ith an exchange mechanism. Moreover the fa c t  that  
the rea c t io n  takes place in an aqueous so lu t io n  was considered
193.
hardly compatible w ith  the formation of free  ions or r a d ic a l s .
9
Kinsman suggested that i f  ion separation  were to occur, one 
would expect the e l im in a t io n  rea c t io n  to  predominate under the  
co n d it io n s  employed. In order to  exp la in  the h igh degree of  
in te r m o le c u la r ity ,  as w e ll  as re te n t io n  of  o p t ic a l  a c t i v i t y ,  i t  
was proposed^ that m igration occurs by the concerted b im olecular  
rea c t io n  pathway 2. Consequently two p o s s ib le  t r a n s i t io n  s t a t e s
( l 8 )  and ( 19) were p o s tu la ted ,  in which the 0^ atom of one m olecule  
l i e s  op posite  to  the 0  ̂ atom of the second molecule and v ic e  v ersa .  
Both t r a n s i t io n  s t a t e s  allow for  an exchange o f  benzyl groups and
(18) (19)
the movement of double bonds to  occur in a c y c l i c  and synchronous 
manner. In one p o s tu la te  ( l 8 )  both m olecules of the 1 ,4 -d ih y d ro -  
isoquinolin ium  ion, that make up the t r a n s i t io n  s ta te  must possess  
the same con figu ration  at 0^, whereas the a l t e r n a t iv e  p o s s i b i l i t y
( 19) req u ires  the partners to have opposite  co n f ig u ra t io n .  This  
can be c l e a r ly  seen from the drawings ( I 8 ) and ( 19) .
194.
I t  w a s  r e p o r t e d  t h a t  w hen  an  o p t i c a l l y  a c t i v e  s a m p le  o f  
t h e  a c e t a l  ( 2 0 )  w a s  s u b j e c t e d  t o  t h e  c o n d i t i o n s  o f  r e a r r a n g e m e n t ,  
t h e  3 - b e n z y l - 3 , 4 - d i h y d r o i s o q u i n o l i n i u m  s a l t  ( 2 l )  f o r m e d  i s  
o p t i c a l l y  a c t i v e .  T h i s ,  i t  w a s  s u g g e s t e d ,  show ed  t h a t  t h e
MeO. ,OMe 
M e O i ^ M eO
M e M e
(20) ( 21)
r e a r r a n g e m e n t  o f  t h e  l - b e n z y l - l , 2 - d i h y d r o i s o q u i n o l i n e  d e r i v a t i v e  f r o m
( 20) an d  o f  l - b e n z y l - l , 2 - d i h y d r o i s o q u i n o l i n e s  h a v i n g  a  c h i r a l  c e n t r e  
a t  i n  g e n e r a l ,  o c c u r s  v i a  t r a n s i t i o n  s t a t e  ( I 8 ) .  T he  t r a n s i t i o n  
s t a t e  ( 1 9 ) may b e  i n v o l v e d  i n  t h e  r e a r r a n g e m e n t  o f  t h e  r a c e m i c  
1 - b e n z y l - l , 2 - d i h y d r o i s o q u i n o l i n e s .
2 .  O b j e c t i v e s
The s u b j e c t  o f  t h i s  c h a p t e r  i s  an  i n v e s t i g a t i o n  o f  t h e  
m e c h a n is m  b y  r e a r r a n g e m e n t  o f  an  e q u i m o l a r  m i x t u r e  o f  o p t i c a l l y  
a c t i v e  ( 2 2 )  and  ( 2 3 )  s u c h  t h a t  i f  ( 2 2 )  h a s  t h e  R c o n f i g u r a t i o n  t h e n  
( 2 3 ) m u s t  h a v e  t h e  S c o n f i g u r a t i o n  o r  v i c e  v e r s a .  I t  w as  r e a s o n e d  







(2 2 ) 
R or S
(23)
S o r R
to be R or both S, compounds (24 )  and (27) would be the expected  
products. I f  t r a n s i t io n  s ta te  ( 19) i s  in vo lved , however, m olecules
r  n
r ^  
1
0  J o M e s. ^ N M e  ^ OEt
;n
(24) (27)
of opposite  con figu ra tion  can react  to g e th er  to form the 
rearrangement products (25) and ( 2 6 ) ,  In t h i s  way i t  was hoped 
that the r e l a t iv e  co n tr ib u t io n s  o f  the two t r a n s i t io n  s t a t e s  ( I 8 ) 
and ( 19) could be estim ated by the product r a t i o s .
196.





(2 5 ) (26 )
Q u an tita t ive  mass spectrometry of the r ea c t io n  product, i t  
was hoped, would provide a s u ita b le  a n a ly t ic a l  method for  the  
ij/' -cyan id e  d e r iv a t iv e s ,  a u th en tic  samples of which could be 
prepared from the corresponding benzylam inoaceta ls  (2 8 ) ,  ( 29 ) ,  (30)  




(28) R-| = R2= R 3 = 0 M e
(2 9 )  Ri = R2 = O M e ,R 3 = O E t
(30) RiR2 = 0 C H 2 0 .R 3 = 0 M e
(31) R iR 2 = 0 C H 2 0 ,R 3 = 0 E t
197.
DISCUSSION
1. Preparation of a c e ta l s
Reaction of the corresponding alkoxymagnesium grignard  
compounds in  dry e th er ,  w ith  the S c h if f s  hases  ( 3 2 )  and ( 3 3 )  
afforded the amines (3 4 ) ,  ( 3 5 ) ,  (3 6 ) ,  and ( 3 7 ) .  E laboration
Rl
(32) R-| = R2  = OMe
(33) Ri R 2 = O C H 2 Û
to  the d es ired  a c e t a l s  (23) (29) (30) and (31) hy rea c t io n  w ith
MeO
MeO NHM e NHM e
R
(34) R = O M e
(35) R = O E t
(36) R = OMe
(37) R = OEt
bromoacetal (BrCH2CH(0Me)2) was In v est ig a ted  under a range o f  
co n d it io n s  (p 2 2 3  ) ,  and y i e ld s  in  e x c e ss  of 93^ of the a lk y la te d  
m a ter ia ls  were obtained by rea c t io n  o f  the amines w ith  potassium
198.
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(30) R = OMe
(31) R = OEt
carbonate, dimethylformamide and bromoacetal at 100 . The rea c t io n  
workup procedure involved e x tr a c t io n  of the b a s ic  product in to  
i c e - c o ld  normal sulphuric acid from e th er  s o lu t io n .  When the  
trimethoxy analogue ( 26 ) was prepared at the r e f lu x  temperature 
of the so lv en t  an a d d it io n a l  n eu tra l product was i s o la t e d  from 
the e th er  s o lu t io n .  On the b a s i s  of i t s  u l t r a v i o l e t  spectrum 
which showed strong absorptions  between 330 and 340nm, the trans  
s t i lb e n e  stru ctu re  ( 36) was a ss ig n ed . A fter  su b jec t ion  to  U.V. 
l ig h t^ ^ , i t s  spectrum showed no absorptions above 284nra which i s  
c o n s is te n t  w ith  the phenanthrene s tru c tu res  (39& and b ) . Spectral  
and a n a ly t ic a l  data confirmed the s t i lb e n e  ( 38)^^ and a mass 
spectrum of (39) showed the m olecular weight of 268, two l e s s  
than that o f  ( 38 ) .








A preparative  method fo r  trans s t l lb en es^ ^  in v o lv e s  the  







(4 0 ) (41)
acid at r e f lu x  temperature. Deamination of ( 41 ) w ith  hot 
potassium hydroxide has been reported to  g iv e  styrene in a
200.
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reasonable y i e ld  . I t  i s  tempting to suggest  th erefore  that  
the mild technique in v o lv in g  potassium carbonate and dimethyl 
formamide could provide a u se fu l  route to  s t i lb e n e s ,  p a r t ic u la r ly  
so , in view of the a m in o n itr i le  rou te , to  the required amines, 
described  in chapter 2 of t h i s  t h e s i s .
Treatment of the a c e t a l s  ( 2 8 ) ,  (2 9 ) ,  (30) and ( 3 l )  sep a ra te ly  
under the m igration co n d it io n s  o f  s ix  normal hydrochloric  acid  
gave the 3> 4 -d ih y d ro iso q u in o lin e -j^ -cy a n id es  (24)> ( 25) ,  (2 6 )  and 
( 27) r e s p e c t iv e ly .  The y i e l d s  o f  m igration products, however, were
[ T  r  n
\ ^ N M e  L ^ ^ ^ R \^ ^ N M e
CN CM
(24) R = Me
(25) R = Et
(26) R = Me 
- (27) R = Et
d isap p o in tin g  and much e f f o r t  was d irec ted  at improvement. The 
r e s u l t s  of th ese  experiments are summarised in tab le  I .  From 
r e a c t io n s  o f  3 hours or l e s s  duration b a s ic  m ater ia l was i s o la t e d ,  
in ad d it ion  to  3 ,4-dihydroquaternary products, which made the t o t a l  
recovery to about 70^« U nfortunately , d e sp ite  considerab le  e f f o r t  
no i s o la b le  products could be obtained from the b a s ic  f r a c t io n .
I t  was noted that acid in so lu b le  ta r s  were formed during the 
m igration r e a c t io n s ,  and more so with the two methylenedioxy  
compounds ( 30) and ( 31) .  The longer the rea c t io n  was continued
2 0 1 .
the more in so lu b le  m ater ia l seemed to  be formed. In order to  
discern  whether decomposition of the 3 ,4 -d ihydro isoqu in o lin iu m  
s a l t  was accounting fo r  th ese  f a c t s  the ij/' -cyan id e  (2?) was 
trea ted  w ith  hydrochloric  acid  under the m igration c o n d it io n s .
A  y i e ld  o f  95^ unchanged s ta r t in g  m ater ia l was recorded when 
worked up fo r  -cy a n id e .  Examination of the products fo r  
phenolic  compounds proved n e g a t iv e ,  which precludes breakdown of  
the m ethylenedioxy fu n c t io n .
A n e u tr a l  product i s o la t e d  from the in so lu b le  ta r s  from the  
m igration rea c t io n  of ( 3 l )  did however, c l a r i f y  the s i t u a t io n  a 
l i t t l e .  The c r y s t a l l in e  compound was id e n t i f i e d  as the tran s  
s t i lb e n e  ( 4 2 ) ,  and a c lo s e r  re-exam ination of  the n on-basic  m aterial
(43) R”! = R2 = 0 M e ,  R3 = OEt
(44) R']R2 = 0 C H 2 0 ,  R3 = 0 M e  
(42) R iR 2 = 0 C H 2 0 ,  R 3 = 0 E t
from previous c y c l i s a t io n s  afforded the three other s t i lb e n e s  ( 38 ) 
( 43 ) and ( 4 4 ) .  I t  was found th a t  more of two methylenedioxy  
su b s t itu ted  compounds ( 42) and (44) were i s o la t e d  than the 
3,4-dim ethoxy compounds ( 38 ) and (4 3 ) .  Although t h i s  
d if fe r e n c e  was of the order of a fa c to r  of three or four, the  
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t h e  r e a c t i o n  p r o d u c t s .  T he  r e s i d u e s ,  a f t e r  i s o l a t i o n  o f  t h e  
s t i l h e n e s ,  w e r e  r e t r a c t a b l e  b u t  show ed  U . V .  s p e c t r a  e x h i b i t i n g  
a b s o r p t i o n s  w h i c h  c o u l d  be  a s s i g n a b l e  t o  t h o s e  s t r u c t u r e s .
T h e  f o r m a t i o n  o f  s t i l b e n e s  show s  t h a t  t h e r e  i s  an  
e l i m i n a t i o n  r e a c t i o n  i n  c o m p e t i t i o n  w i t h  a c e t a l  c y c l i s a t i o n ,  
a  f a c t  w h i c h  h a s  n o t  b e e n  r e p o r t e d  p r e v i o u s l y .  T h e  m i g r a t i o n  
r e a c t i o n s  w e r e  c a r r i e d  o u t  i n  s e a l e d  v e s s e l s  u n d e r  n i t r o g e n ,  i n  
o r d e r  t h a t  r e a g e n t  c o n c e n t r a t i o n s  r e m a in  c o n s t a n t  and  t h e  p o s s i b i l i t y
9
o f  oxygen induced e l im in a t io n  rea c t io n s  are minimised. To show 
that the co n d it io n s  employed were not e x c e s s iv e  by comparison with  
some reported to m igrations of t h i s  type a reac t ion  was 
carried  out using s ix  normal hydrochloric  acid  at 100° in an unsealed  
v e s s e l .  The y ie ld  o f  m igration product (24) formed under these  
co n d it io n s  was 45' *̂ A fu rth er  experiment involved , h o p efu lly ,  





of the a c e ta l  ( 31) w ith  s ix  normal acid  at 35°. Subsequent
d i lu t io n  of the acid to  a s tren gth  of two normal, and treatment
on a steam hath afforded l e s s  than lOÿ o f  the m igration product ( 27) .
From the r e s u l t s  presented thus fa r  i t  seems l i k e l y  th a t  the 
s t i lh e n e  or some u n id e n t if ie d  rea c t io n  product e i th e r  r e a c t s  
w ith  the 3 ,4 -d ihyd ro isoq u in o lin iu m  s a l t  or renders i t s  i s o l a t i o n  
procedure l e s s  rewarding. I t  a lso  appears, from the y i e l d s  o f  
m igration products and the y i e l d s  of s t i lh e n e s  is o la te d  th a t  the 
methylenedioxy fun ction  i s  l e s s  n u c le o p h i l ic  than the two methoxy 
groups.
15The formation of s t i lh e n e s  d iscu ssed  e a r l i e r  p 1 9 9  su g g ests  
that amides o f  the type ( 4 0 ) undergo an type e l im in a t io n  in
NHCOR2
(40a) R = R”! = R2 = R3 = R^= H 
(40b) R = R-j = R2 = R3 = H , R  ̂= OMe 
(40c) R = Ri = R̂  = R/|^=OMc, R2 = H 
(4 0 d) R = Ri = R2 = H , R3 = R  ̂= 0 M<2
hydrochloric  a c id .  The authors demonstrate that alkoxy groups on 
the r ing  enhance t h i s  e l im in a t io n  dram atica lly ,  and that where no 
s t i lh e n e  i s  i s o la t e d  the product i s  amine hydrochloride . I t  
seems, from i s o la t i o n  o f  s t i lh e n e s  from the m igration r e a c t io n s .
205.
that such s t e r o s p e c i f i c  e l im in a t io n  r e a c t io n s  might w e l l  
occur v ia  the amine rather  than the amide. To support t h i s  
su g g est io n , the amides (40a) and (40b) are reported to  g ive  no 
s t i lh e n e .  The methoxy compounds (40c) and (40d ),  which might 
be expected to  afford  a good y ie ld  of e l im in a t io n  product, a lso  
g ive  none. This the author f e e l s  is, a r e f l e c t i o n  of the  
s t a b i l i t y  o f  the formylamides to  a c id -c a ta ly se d  h y d ro ly s is  to  
the amines. M ec h a n is t ica l ly  a trans e l im in a t io n  rea c t io n  
of the amide would be l e s s  favoured than th a t  o f  an amine in which 
the N -protonation  a c ts  as a d r iv ing  force  fo r  the rea c t io n  (scheme 5 ) «
+
R1RNH2 CI
S c h e m e  5
2 . Mixed Migration of racemic a c e ta l s
The l im it in g  fa c to r  in the method so fa r  i s  considered to be 
the generation  of the 1 -b e n z y l- l ,2 -d ih y d r o is o q u in o l in e s  from the 
a c e t a l s .  However, the a l t e r n a t iv e  approach to  o p t ic a l ly  a c t iv e  
1 -b e n z y l- l ,2 -d ih y d r o is o q u in o l in e s  in v o lv es  the r e so lu t io n  of the 
base, through s a l t s  w ith  o p t i c a l l y  a c t iv e  a c id s .  This has been
17shown to  cause d isp rop ortion ation  on ly . Consequently the chosen
206.
a c e t a l s  (2 8 ) (2 9 ) (5 >̂̂ nd ( 3 l )  were trea ted  w ith  s ix  normal 
hydroch loric  acid for  one hour at 100°, sea led  under n itr o g e n .  
Under th ese  con d it ion s  y i e l d s  o f  the four m igration products  
i s o la t e d  were between 25 and 30^. The mass spectra  o f  the four  
ij/ -cyan ide  d e r iv a t iv e s  (24) > (2 5 ) ,  ( 26) and ( 27) obtained at low 




R .  .N M e
:n
(24) R = OMe ( 325 •M '^-HCN) (26) R = OMe (309^M''’- H C N )
(25) R = O E t (3 3 9 'M ' ' ' - H C N )  (27) R = OEt (3 2 3 ^ M '^ -H C N )
+
(v a lu es  i l l u s t r a t e d  above). Standard m ixtures of th ese  four  
d e r iv a t iv e s  show mass sp ec tra ,  under the same c o n d it io n s ,  which 
are a combination of the four ( f  - c y a n id e s .  In t h i s  way a method 
was developed to  measure the product r a t io  in a mixture of the  
four p o ss ib le  m igration products.
To t e s t  complete in term o lecu la r ity  of cross  m igration ,  
an equimolar mixture o f  racemic (28) and ( 31) was subjected  to  
the standard acid co n d it io n s  and the mass spectrum of the  
( |/-cyanide o f  the product showed a 1 :1 :1 :1  mixture of ( 24): ( 25):  




M eO  OMe
NMe
(28) (31)
f a i l e d ,  but r ea c t io n  of the product with sodium borohydride in  
ethanol afforded a mixture of the 3 -b e n z y l- l ,2 ,3 ,4 - tG tr a h y d r o -  
iso q u in o l in e s  ( 46 ) , (4 ? )> (4 8 )  and ( 4 9 ) .  T.L.C. of t h i s  mixture
(46) R = OMe
(47) R = OEt
(48) R = O M e
(49) R = GEt
showed four sp o ts ,  id e n t ic a l  by R.P. v a lu e s ,  w ith  samples o f  the  
te tra h y d ro d er iv a t iv es  prepared in  the same way from the -cyan ide
208.
compounds (24)» (25)> ( 26) and ( 2 ? ) .  Evidence for  the formation  
of  the N-borane (50)^^ (M.S. and I .E . )  from the reduction w ith
OMe
(50)
sodium borohydride prompted an acid treatment in the workup of  
the 3 - b e n z y l - l , 2 , 3 , 4 - te tr a h y d r o iso q u in o lin e s .
3. Optical r e s o lu t i o n s .
R eso lu tion  of the a c e t a l s  (28 )  and ( 3 l )  w ith  the (+) and ( - )  
forms of  d ib e n z o y lta r ta r ic  acid proved to  be im p oss ib le .  However, 
a f t e r  considerab le  d i f f i c u l t y ,  the o p t i c a l ly  a c t iv e  amines ( 5 l )  






H  + 8 8 - 5 '
(52)
r -.2°
W  - 9 8 '
209 .
appropriate d iastereom eric  d i - s a l t s  (53)> formed by r e a c t io n  o f  










eth an o l.  The c o n s t i tu t io n ,  as d i s a l t s ,  was shown by h . M . R .  
elem ental a n a ly s is  and q u a n t i ta t iv e  regeneration  of the amine 
from a weighed sample o f  the s a l t .
Conversion of the o p t i c a l ly  a c t iv e  amines ( 51) and (52) to  














normal manner, and o p t ic a l  a c t i v i t y  was r e ta in e d .  I t  was a lso  
shown that the o p t ic a l ly  a c t iv e  amine (5 l)>  when subjected  to the 
a lk y la t io n  co n d it io n s  w ithout bromoacetal, was recovered w ith  the 
same s p e c i f i c  o p t ic a l  r o ta t io n .
Although the d iastereom eric  s a l t s  of the amines ( 5 l )  and (52)  
were r e c r y s t a l l i s e d  u n t i l  the l ib e r a te d  base showed constant o p t ic a l  
r o ta t io n ,  i t  was ^oped th at a measure o f  o p t ic a l  p urity  could be 
obtained by N.M.R. s tu d ie s ,  making use o f  the ch ir a l  s h i f t  reagent  
tr is-3 -(tr if lu orom eth ylhydroxym eth ylen e)-d -cam phorato  europium I I I  




amines^^^'^, but from sp ectra  obtained with the racemic and 
o p t ic a l ly  a c t iv e  amines, and a c e t a l s  no measure of o p t ic a l  purity  
could be obtained .
4 . Crossed m igration o f  o p t i c a l ly  a c t iv e  a c e t a l s .
An equimolar mixture of the o p t ic a l ly  a c t iv e  (54) and (55) was 
subjected  to  the m igration con d it ion s  and a 30^ y ie ld  o f  [f" -cyan id e  
d e r iv a t iv e s  i s o la t e d .  The mass spectrum of the product showed 
the presence of ( 24) : ( 25) : ( 26) ; ( 27) in an approximately 1 :1 :1 :1  r a t io
211.
MeO /O r 1 1 1
MeO NMe
Ri
\ o i NMe Lĉ R
Ri
(24) R = OMe , Ri = C N (26) R = OMe , Ri = CN
(25) R = OEt , Ri = CN (27) R = OEt , R-] = CN
(46) R = OMe , Ri = H (48) R = OMe , Ri = H
(47) R = OEt , Ri = H (49) R = OEt , R̂ i = H
Conversion to the 1 , 2 , 3 j4 - te tr a h y d r o d e r iv a t iv e s  (4 6 ) ,  (47)>
( 4Ô) and ( 49) was achieved in the normal manner. T.L.C. o f  the  
mixture confirmed the presence of a l l  four products. An attempt 
to  i s o la t e  each o f  them hy chromatography in order to measure t h e ir  
o p t ic a l  r o ta t io n s  was u n su c c e ss fu l .  O ptica l re te n t io n  was however, 





(54) (57a) R = H 
(57b) R = C N
212.
The product was i s o la t e d  as i t s  if -cyan id e  d e r iv a t iv e  (57h) which 
when reacted  w ith  sodium borohydride gave the tetrahydro compound 
(5 7 a ) '  This had a s p e c i f i c  r o ta t io n  o f  +76° which was not a lte r e d  
by treatment with acid for  up to ten  hours. I t  seems l i k e l y ,  
th e r e fo r e ,  th a t  considerab le  r e te n t io n  o f  o p t ic a l  a c t i v i t y  i s  
achieved under migration c o n d it io n s .  I t  proved im possib le  to  
measure the degree of r e te n t io n  as attem pts to  r e c r y s t a l l i s e  (57a)  
as a d ibenzoyl ta r tr a te  from e i th e r  +D.B.T.A. or -D .B .T .A .,  r e su lte d  
in f a i l u r e .
The abso lu te  con figu ra tion  o f  the a c e ta l  (54) and the  
3-benzyl d e r iv a t iv e  (57a) have not y e t  been deduced but i t  i s  
hoped th a t  o p t ic a l  ro ta tory  d isp ers io n  or c ir c u la r  dichroism s tu d ie s  
might r e a l i s e  t h i s  aim.
Conclusions
The ra th er  low y i e ld s  o f  m igration products (approx. 30^) from 
the model compounds chosen fo r  t h i s  study do not a f f e c t  the  
in te r p r e ta t io n  o f  r e s u l t s  in terms of rea c t io n  mechanism. I t  
seems c le a r  th at a t r a n s i t io n  s ta te  such as ( 19)> which req u ir es  
both m olecules to  be o f  opposite  con figu ration  at 0^, must have 
been involved in the formation o f  ( 25) and (26) from mixed migration  
rea c tio n  o f  the o p t ic a l ly  a c t iv e  a c e t a l s  (54) and (55)»
MeO, OMe
NMe
(54) R =O M e , R̂  = OMe





T ran sit ion  s ta te  ( l 8 )  which req u ires  both components to  he R or 




As mixed m igration of the racemic a c e t a l s  afforded the same 
r a t io  of products i t  seems l i k e l y  that the energy d i f f e r e n c e s  
between the two t r a n s i t io n  s t a t e s  ( l 8 )  and ( 19) i s  not 
s i g n i f i c a n t •
A l im ita t io n  o f  the applied  mass spectrom etric  technique  
was th a t;  at b e s t ,  a d if fe r e n c e  of + l Ofo  on the peak h e ig h ts  was 
observed between two measurements o f  the same sample (see  s p e c tr a ) .  
Consequently no est im ation  of the energy d if fe r e n c e  between the 
two t r a n s i t io n  s t a t e s  was p o s s ib le .
214.
This comparative mass spectrom etric  technique has not been 
w idely  reported but could, the author f e e l s  be a u se fu l  technique  
i f  instrument con d it ion s  are c a r e fu l ly  reproduced and the  
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LOW ELECTRON VOLTAGE M A S S  SPECTRA OF TWO  
STA N D A R D  M IX TU R E S  OF THE FOUR C Y A N ID E S  
(2 4 -27 ) IN  A 1:1:11 MOLAR R A T I O
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LOW EV. M A S S  SPECTRA OF ^ - C Y A N I D E  M IXTU R ES 
FROM TWO M IX E D  M IG R A T IO N S  OF THE O P TIC ALLY  
A C T IV E  ACETALS ( 5 4 ) AND (55)
217b
300 m /e 340
100





LOW EV. M A S S  SPECTRA OF ^ - C Y A N I D E  M IX T U R E S  
FROM TWO M IX E D  M IG R A T IO N S  OF THE R A C E M IC  
AC ETALS (28) AND (31)
7. Experimental
219.
The Racemic amines (34) (33) (3^) and (3?) were prepared "by the  
standard technique^ and p u r if ie d  (3 4 ) ,  "by vacuum d i s t i l l a t i o n ,  and 
( 35) ( 36) and ( 37) ty  c r y s t a l l i s a t i o n  of the hydrochloride s a l t s .
N -M ethyl-N -|^^-(4-m ethoxyhenzyl)-3 ',4 '-d lm ethoxyhenzyl]am ine (3 4 ) ,  
m.p. 63- 5° (Eton), N.M.R. (CDCl^) 7*3-6 .6  complex [ 7] (Aromatic H)
3 .85 s [ 6 ]  (2  X ArOCH^), 3 .75  s [ 3] (ArOCH), 3*54 t  [ l ]  J = 6 Hz
(Ar-CH-CH^-Ar), 2 .85  d [2] J=6 Hz (ArCH^-CH-CH^), 2 .23  s [3] (N-CH^), 
1 .9  broad s f l ]  (NH, removed by D^O) ; -ü 3315, 2790, I 614, 1517, 
1253, 1176, 1025; À  (5 )  228 ( 20, 800) ,  279 ( 4780); mass m/e 
301 ( m"**) (<  V f o ) , 180 [ 100^ ] ,  m etastable at 107*4* (Found: C, 71*6;
H, 7*6; H, 4*7* C^gHg^NO req u ires:  C, 71*7; H, 7*7; N, 4*7/o).
N ~m eth,yl-N -[^-(4-ethoxybenzyl)-3' ,4'-dlm ethoxybenzyl]am lne (35) * 
m.p. 89 °  ( E t o n ) ,  N.M.R. (CDCl^) 7 * 2 - 6 . 7  complex [ 7]  (Aromatic H),
4 .0 1  q [2] J=7Hz (OCHgCH ) ,  3*88 s [6 ]  (2  x ArOCH^), 3*7 m u lt ip le t  
[iJtArCH-CHg-Ar), 2 .86 d [2 ]  J=7 Hz (Ar-C^-CH), 2 .25 s [ 3]  (N-CH^),
I .4 1  t  [ 3] J=7 Hz (OCHgCH^), 1 .5  broad [ l ]  (NH, removed by DgO);
u 3300, 2790, 1610, 1510, 1248, 1130, 1031; 3  (6 )  230 ( 18 , 000) ,
280 ( 3 , 240); mass m/e 315 (M*̂ ) [l/oj, 314 [5^J , 285 [6^J, I 80 [lOO/o]. 
(Found: C, 72*5; H, 8 .1 ;  N, 4*3* Ĉ ^Ĥ ^NÔ  req u ires:  C, 72 .4;
H, 8 .0 ;  N, 4 . 4%).
N-methyl-N- L°^-(4-m ethoxybenzyl)-3 ',4 '-m ethylenedloxybenzyl]am lne ( 36) ,
m.p .  (HCl s a l t )  234-5 (E ton), N.M.R. ( f r e e  base) CDCl ) ,  7*2-6 .5
complex [ 7]  (aromatic H), 5*91 s [23  (O-CH^-O), 3*75 s [ 3 ]  ( Ar-OCH^), 
2 .8  d [ 2]  J = 6 . 5 H z  (Ar-CHg-CH-Ar), 3*55 d [ l ]  J=6.5 Hz ( Ar-GH^-CH-Ar), 
2.18  s f3 ]  (N-GH ) ,  1 .78  s [ l ]  (N-H, removed by DgO); i J  ( f r e e
base) 3320 m, 2790, 1611, 1512, 1485, 1250, I I 78 , IO40); ^ (£ )
220.
228 ( 11 ,560);  286 ( 48OO); mass m/e (HCl s a l t ) ,  285 (m" -̂HC1)
[ 1^ ] ,  255 [3^ ] ,  164 [lO (^]. (Found: C, 63 . 6; H, 6 .2 ;  N, 4 .2 ;
01, 10 . 7 . C^yH^^NO^HGl req u ires:  G, 63 . 4 ; H, 6 .2 ; N, 4 .4 ;
Gl, 11 . 0 3̂ .
N -M ethyT -N -[gf-(4-ethoxybenzyl)-3 ',4 '-m ethyT ened ioxybenzyl amine ( 37) .  
m.p. (HGI s a l t )  235-6° (EtOH), m.p. ( f r e e  base) 63^4° ,  N.M.R. (GDGl^)
7 .0 - 6 .6  complex [ 7 ]  (arom atic H), 5 .87  s [ 2] (O-GH^-O), 3 .92  q [ 2]  
J=7 Hz (OGH^GHg), 3 .46  t  [ 1] J=6 Hz ( Ar-GH-GH^Ar), 2 .8 - 2 .5  complex
[2] (ArGHGHg-Ar), 2.15 s [3] (N-GH^), I .36  t  [ 3]  J=7 Hz (OGHgGH );
D ( f r e e  base) 3300 w, 2790, I 609, 1510 1238, I I 75 , 1040;
^max 228 ( 12 , 300) ,  285 ( 4 , 900); mass m/e 299 (M+-HC1 ) [ = # ] ,
269 [ 6/o], 164 [ l O O f o ] ,  (Found: G, 64 . 5 ; H, 6 . 6; N, 4 . I ;  Gl, 1 0 .4 .
G18H21NO3HGI req u ires:  G, 64 . 4 ; H, 6 .6; N, 4 .2 ;  Gl, 1 0 . 6 / ) .
A lk y la t ion  of amines (3 4 ) ,  ( 3 5 ) ,  (36) and (37) w ith  bromoacetal 
Bromoacetal (3 .0 g )  was added portionw ise over 24 hr to the 
corresponding amine ( l . 2 g )  and Ê GÔ  (0 .6 g )  in dry D.M.F. (20ml) 
at 100°. The rea c t io n  was maintained under Ng fo r  a fu r th er  24hr, 
cooled and quenched w ith  Ĥ O ( 150m l), then ex tracted  in to  Ĝ Ĥ
(4  X 50ml). The combined organic phase was washed w ith  HgO 
(5 X 20ml), and evaporated in vacuo to  afford  a yellow  gum which 
was d is s o lv e d  in ether  and ex trac ted  into  ic e -c o ld  2N Ĥ SÔ
(3  X 15m l) .  B a s i f ic a t io n  of the acid e x tr a c t s  w ith NaHGÔ  and 
ex tr a c t io n  in to  ether (3 x 25ml) afforded a pale yellow  so ln  which 
was dried  (MgSO^) and evaporated to  a fford  the a c e ta l  (90-95^) as  
an o i l .
221.
N-Methyl— 4-n3ethoxybenzyl)—3' . 4 ' —dimethox.yljaminoacetaldehyde  
d lm eth y laceta l (28) N.M.R, (CBCl^) 7 .15—6.65  complex £7] (arom atic H) 
4 .4 4  t  [ 1]  J=5 Hz (CH2-CH(0Me)g, 3 .84  s [6 ]  (2  x ArOCH ) ,  3 .72  s [ 3]  
(Ai^OCH^), 3 .31 s [6] (CH-(OCH^)g), 3 .9 - 2 .4  complex £5!  ( a l i p h a t i c  H) 
2 .36  s [ 3]  (B-CH^); (CHCl^) 1595, 1493, 1240, 1023, IOO8 ;
^max 227 ( 18, 300) ,  279 ( 4 , 500); mass m/e 389 (m"̂ ) g l ^ ] ,
358 £6^ ],  271 [ 16^ ] ,  268 [605êJ, 252 i S i J ,  180 [ 20@ ,  87 £30^ ] ,
75 [ 17^ ] ,  47 £40^ ] .  m'^-I 388,2127 CggH^BO req u ires  388. 2124.
B-Methyl-K-fo^ - ( 4 -ethoxyhenzyl)-3 '4 '-d im ethoxyhenzyl]am inoaceta ldehyde  
d lm eth y laceta l (29) B.M.R. (CDCl.), 7 * 1 -6 .6  complex £7] (arom atic  H, 
4 .4 3  t  [ 1]  J=5 Hz (CH2-CH(0CH^)2), 3*95 q [2 ]  J=7 Hz (OCĤ CH ) ,
3 .84 s £6] (2  X Ai^OCH ) ,  3 .9 - 2 .4  complex £ 5]  ( a l i p h a t i c  H) ,  3 .32  
s £6] (CHgCH(0CH^)2, 2 .36  s £3]  (B-CH ) ,  1 .34 t  [ 3] (OCĤ CH );
■O (CHCl ) 1594, 1492, 1242, 1020, 1006; 2  (6 ) 227 ( 17 , 500) ,liJdJL J HldJL
28 (5000); mass m/e 403 (M+) [< l / ] ,  285 [ l 8 / ] ,  268 £lOO/], 252 [ lO /j ,
180 [ l5 /o ] ,  7 .5
N-M ethyl-N-|c/-(4-methoxybenzyl)-3* , 4 '-meth.ylenediox.ybenz.yl]amino- 
acetaldehyde d lm eth y laceta l ( 30) N.M.R, (CDCl^) 7 .1 5 -6 .6  complex 
[ j ]  (arom atic H), 5 .92  s [ 2 ]  (O-CH -O ), 4 .43  t  £ l]  J=5 Hz 
(CHgCH(OCH ) g ) ,  3 .75  s £3] (Ar-OCH ) ,  3 .8 -2 .6 5  complex £ 5]
( a l i p h a t i c  H), 3*33 s [ 6 j  ( C H ^ C H ( O O H  ) ^ ) , 2 .31  s [ 3]  (B-CH );
V  (CHClJ 1613, 1510, 1240, 1040, 1025; ^ (£) 227 ( 14 , 400) ,fiia*x j  rn<=̂
286 ( 5 , 400) .
222.
N-Met hy ( 4-ethox.ybenz.y 1 )-3 ' , 4 ' -methylenediox.ybenz.yfj amino-
acetaldeh.yde d lm ethylacetal (3 l)«  N.M.R. (CDClg) 7 .1 5 -6 .6  complex
[ 7]  (aromatic H), 5 . 9I s [2](0-CH g-0), 4.41 t [ l ]  J=5 Hz
(CHg-CH-(OCHg)g), 3 .95 q [z] J=7 Hz (OCHgCH^), 3 . 8 - 2 .6 complex [5]  
(a l ip h a t ic  H), 3 .32 8 [6 ]  (CHg-CH-(OCH^)g), 2.31 s [ 3]  (N-CH^),
1.34 t  [ 3]  J=7 Hz (OGH.CHj; (GHGlJ 1612, 1510, 1240, IO4O,
c. j  ms-x j
1020; ^ ( t )  227 (14,900 ) ,  286 (5400); mass m/e 387 (m‘" )[4 1 /] ,
252 [lOO?;J 236 [lo/o], 164 [ 3 0 / J ,  1 3 5 f 9 / J ,  75 [2 3 / ] .
I so la t io n  of T rans-3 ,4 ,4 '-tr lm ethox.ystllbene ( 38) . A lkylation of 
the amine (3 4 ) ,  above, with bromoacetal, KgGÔ  and D.M.F. at re f lu x
temp, for 24 hr. afforded the required a ce ta l  ( 28) ( 56/ )  and from
the non-baslc fra c t io n ,  the s t l lb en e  ( 38) ( 9 % )  as a white 
c r y s ta l l in e  s o l id ,  m.p. 135° (MeOH) ( l i t .  133-5° N.M.R. (GDGlg)
7 ,5 - 6 .8 complex £9] (7 aromatic H + 2 o l e f i n i c  H), 3*93 s , 3.89 s ,  
3.81 s £9] (3 X Ar-OCH^); I6IO, 1518, I 265, 1140, 1025;
^max ( 12, 400) ,  330 ( l 6 , 000) ,  343 ( l l , 400); mass m/e
270 (M"̂ ) [lO O/j. (Found: G, 75-2, H, 6 . 6 . Ĝ ,^Ĥ gÔ  requires
G, 75*5; H, 6 . 7/ ) .  Irrad iation  of ( 38) with U.V. l ig h t  afforded  
m a t e r i a l , (&) 230 (1 0 ,7 0 0 ) ,  257 (8 ,3 0 0 ) ,  284 (6 ,400 );  mass m/e
268 (m"*") [55^ J . Considered to  be phenanthrene (3 9 ) .
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Attempted a lk y la t io n s  of amine (34) w ith  bromoacetal
CONDITIONS (under Ng) YIELD(BY NMR) OF 
ALKYLATED PRODUCT (28)
KgCO /Eton 48 hr r e f lu x 20/
KgCOg/EtOH/Gubronze 48 hr r e f lu x 20/
NaH/DMF 24 hr R.T. 0 /
KgGO /DMF 24 hr re f lu x 56/
+ 9/  s t i lh e n e  ( 38)
KgGO /DMF 48 hr 100° ^ 90^ y ie ld
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R eso lu tion  of amine (34)»
The amine (34) (7»2g) and ( - ) -D .B .T .A . (4*7g) were d is s o lv e d  
in  hot 95^ EtOH (40ml) and stood at  R.T, fo r  20 hr. R e c r y s t a l l i s a ­
t io n  of the p r e c ip ita te d  s o l id  tw ice  from EtOH afforded a white  
c r y s t a l l in e  s a l t .  ra.p. 125-35° , N.M.R. (CDCl^/DgO) showed r a t io  
of aromatic H :a l ip h a t ic  H of 4 :5 ,  c o n s is te n t  w ith  d i s a i t  (5 3 a ) ,  
i^max (KBr) 2800-2200, 1710, 1260, 1030. (Pound: C, 66.8;
H, 6 . 5 . req u ires  C, 67 . 5 ; H, 6 . 3^ ) .  G a s if ic a t io n
of the s a l t  (285mg) w ith  NaOH so ln  (10^, 10ml), and e x tr a c t io n  
in to  e th er  (3  x 25ml) afforded (+)-N -M ethyl-N-|^-(4-m ethoxyhenzyl)-  
3 ' , 4 ' -dimethoxyhenzyl] amine ( 51) (l73mg) + 80 ° .  The
remainder of the d i s a i t  was r e c r y s t a l l i s e d  (8 tim es) u n t i l  ( 51 ) 
showed a constant s p e c i f i c  r o ta t io n  of + 8 8 . 5° ,  m.p. 76° ,
E.M.R. (CDCl^) as racemate (34)*
S im ila r ly  ( - ) - N - M e t h y l - N - f - ( 4 - e t h o x y h e n z y l ) - 3 * , 4 ' -  
methylenedioxybenzyl]amine (52) was i s o la t e d  from the racemic  
base (37) using ( + )-D.B.T.A; m.p. 62°, - 98° ,  N.M.R. (CDGl )
as racemate (37)*
O p t ic a l ly  a c t iv e  a c e t a l s  (54) and (55)
(+)_N-M ethyl-N-[of- ( 4~methoxybenzyl)-3*,4* -dim ethoxybenzyl] amino- 
acetaldehyde d im eth y laceta l (54) was prepared from the amine ( 5 l )  
as a pale yellow  o i l  ( 89^ ) , | j^ ]  +  95°, by the method used to
prepare i t s  racemate (2 8 ) .  N.M.R. as racemate.
S im ila r ly  (-)-N-Methyl-N-[o<^ - (  4-ethoxybenzyl)-3*  , 4 ' -  
dimethoxybenzylj aminoacetaldehyde d im eth y laceta l  (55) was prepared 
from the amine ( 52 ),  -  102°, N.M.R. as racemate.
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Migration rea c t io n s  : acid  treatment of a c e t a l s .
The a c e ta l  (im.mole) in  6n HCl (lOml, outgassed with  
was kept at 100° under in a stoppered tube for  Ihr. The 
mixture was coo led , d i lu te d  w ith  Ĥ O (lO m l), washed w ith  e th er  
(3 X 10ml), b a s i f ie d  (NaHCO^) and extracted  in to  CHCl  ̂ (4 x 10ml). 
Removal of the CHCl  ̂ in vacuo, afforded a gum which was leached
w ith  water at 35-40° (4  x 5ml). NaCN (25mg) was added to  the
NaHCÔ  so ln  and water teach in gs  combined and the white p r e c ip i ta te  
extrac ted  in to  e th er  (4 x 15ml). The e th er  e x tr a c ts  were washed 
w ith  HgO (3 X 10ml) dried (MgSO^) and evaporated to  g iv e  the  
^ -c y a n id e  d e r iv a t iv e s  (2 4 ) ,  ( 25) ,  (26) and ( 27) in y i e ld s  
(25-30^) see ta b le  I .
6 . 7-Dimethox.y-2-meth.yl-3-( 4-methoxybenz,y 1 ) - l - c y a n o - l  , 2 , 3 , 4 -  
te trah yd ro isoq u in o lin e  (24) was obtained as a white c r y s t a l l in e  
s o l id  on t r i t u r a t io n  from eth er  m.p. 138-40° N.M.R. (CDCl^)
7 . 25- 6 .4  complex [ 6 ]  (aromatic H) ,  4*83 s [ o . 2] ,  4*72 s [ 0 . 8]
(C^-H, d ia s tereo m e rs) , 3 . 89s ,  3 .8 5 s ,  3 . 79s [ 12]  (3 x ArOCH^),
3 . 7O-3 .O complex. [ 3]  ( a l i p h a t i c  H), 2 .7 5 s ,  2 .6 3 s  [ 3] (N-CH^, 
d ia stereo m ers) ,  2.5d [ ^ J  J  = 7Hz (2 x C^-H); t) 2220, 1612,
1140; mass m/e (3ev) 325 (M^-HCN) [lOO^], 326 [ 25/0] ,  231 [ A 0 % ] ,
206 [ e o f o ] .  (Found: C, 71.3? H, 6 . 9 ; N, 7 . 8 . ^ 2 1 ^ 2 4 ^ 2 ^ 3
req u ires:  C, 71 .6 ;  H, 6 . 9 ? N, 8 .0 ^ ) .
6 . 7-D ime t  hoxy-2-me t  h y l - 3 - ( 4 -e  thoxybe nzy1 ) - 1 - cyan o - l , 2 , 3 , 4 -  
te trah yd ro isoq u in o lin e  (2 5 ) ,  white c r y s t a l l in e  so l id  on t r i t u r a t io n  
from e th e r ,  m.p. 99°, N.M.R. (CDCl^) 7 .2 - 6 .5  complex [ 6 ]  (arom atic H),
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4 .8 5 s  [0 . 2] 4 «75s Co.8] (O^-H, d ia stereom ers) ,  4 .05 q [ z ]  J = 7Hz 
(OCHgCH ) ,  3 . 85s ,  3 .8 0 s  [6] (2 x ArOŒ ) ,  2 .7 4 s;  2 .6 3 s  [ 3]
(N-CH^, d ia stereo m ers) ,  3 .4 -2 .8  complex [3]  ( a l ip h a t ic  H),
2 .51  d [ 2] J = 6 .5  Hz (2 X  C ^ - H ) ,  1 .4  t  [ 3] J = 7  Hz (O C H ^ C H ^ ) ,
"U 2220, 1615, 1514, 1252, 1143, 1118, 799; mass m/e (3ev)
339 (m' -̂HCN) [ lO O /o ] ,  324 [20^J, 231 [ 20^ ] ,  206 [ l O C f f c ] ,  (Found:
C, 71 . 4 ? H , 7 .2 ;  N, 7 .8 .  ^22^26^2^3 0 , 71 .2; H , 7 .4 ;
N, 7 . 9^^.
6,7-M eth,ylenedioxy-2-m eth.yl-3-(4-m ethoxyhenz.yl)-l-  cyano-
1 .2 .3 .4 - te tr a h y d r o is o q u in o l in e  ( 26) , pale lemon c r y s ta l s  from e th er ,  
m.p. 94-5° N.M.R. (CDGl^) 7 .3 -6 .4  complex [6] (arom atic H),
5 . 95s ,  5 . 91s [ 2]  (O-CHg-O, d ia s tereom ers) ,  4 .7 9 s  [ o . 2] ,  4 . 69s [ 0 . 8] 
(C^-H, d ia s tereom ers) ,  3 .8  s [ 3J  (ArOCH^), 3 .3 -2 .4  complex [ ^ J  
( a l i p h a t ic  H) , 2 .7 2 s ,  2.62. s [3] N-CH^, d iastereom ers);  v
2220, 1615, 1516, 1247, 1040, 842 mass m/e (3@v) 309 (m' -̂HCN)
flOO/J, 310 [2 7 f l ,  215 [30/ o J .  (Found: C, 71 .7 ;  H , 5 . 8 ; N, 8 .2 .  
^20^20^2^3 fG lu ires:  C, 71 .4 ;  H , 5 .99; N, 8 .3 ^ ) .
6 -7 -M eth y len ed ioxy -2 -m eth y l-3 -(4 -e th oxyh en ay l)- l -cyan o-
1 . 2 . 3 . 4 -te tra h y d ro iso q u in o lin e  ( 27) o ffw h ite  s o l id  on t r i t u r a t io n  
from e th er  m.p. 90 -4 ° ,  N.M.R. (CDCl^) 7 .3 -6 .4 5  complex [6~\
(aromatic H), 5 . 9 9 s , 5 .94  s [ 2] (O-CH^-O, d ia stereom ers) ,  4 . 8 I
s [ 0 . 2 ] ,  4 .7  s Co.8 ]  (C^-H d ia s t e r e o m e r s ) ,  4 . 0 5  q C2] J = 7  Hz 
(OCHgCH^), 3 . 3 - 2 . 8 complex [3 ]  ( a l i p h a t i c  H) ,  2 . 7 4  s ,  2 . 6 2  s [3 ]  
(N-CH^, d ia s t e r e o m e r s ) ,  2 . 5 d [ 2 ] J  = 6 Hz (2  x C^-H) , 1 . 4  t  [”33  
J = 7  Hz (OCHgGH ) ;  V 2 2 2 0 , 1 5 1 5 , 1042 mass m/e ( 3 ev)
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323 (m' -̂HCN) [ l O O ^ ] ,  324 [3C^], 215 [9 0 ^ ] .  (Found: C, 71 .5 ;
H, 6 .7 ; N, 8 . 4 .  ^21^22^2*^3 esq u ires:  C, 72 .0;  H, 6 .3 ;
N, 8 . 0^3 .
Migration of ( + )-N -m ethyl-N -C c^-(4-m 8tb .oxybenzyl)-3 ',4 '-  
dimethoxybenz.yll aminoacetaldehyde dimethyl a c e ta l  (54)
The a c e ta l  (54) 580mg 6N HCl (l5m l) trea ted  under the  
described  m igration co n d it io n s  afforded the 3 -benzyl-(K -cyanide  
d e r iv a t iv e  (57%) l68mg (3 1 ^ ) .  To t h i s  was added EtOH (lOml)
and NaBH  ̂ ( 80mg) and the r ea c t io n  heated under r e f lu x  fo r  Ih r .
The so lv en t  was removed and Ĥ O (lOml) added and the product 
extracted  in to  e ther  (3 x 10ml). The combined e x tr a c ts  were 
washed (H^O), and ex tracted  in to  2N HCl (3 x 10ml). G a s if ic a t io n  
of the a c id ic  s o lu t io n  with NaOH ( IN) fo llow ed by e x tr a c t io n  in to  
CHCl  ̂ (3 X 20ml) afforded the 6 , 7 -d im ethoxy-2-m ethyl-3-(4-m ethoxy- 
b e n z y l) - l ,2 ,3 ,4 - te tr & h y d r o is o q u in o l in e  (57a) as a pale ye llow  o i l  
+ 76° 129mg, 82^ based on (^-cyanide (57%) * A repeat
of t h i s  rea c t io n  using a fre sh  batch of the o p t ic a l ly  a c t iv e
a c e ta l  (54 )  afforded a 6Q% y i e l d , + 75° . N.M.R. ( C D C l  )
7 .15 -  6 .45 complex [ 6 ~ ]  (arom atic H), 3 .8 5 -3 .7 0  complex [ i l l  
(3 X ArOCĤ  plus C^-CH^), 3 .49 s [ 3]  (N-CH^), 3 .4 -2 .3 5  complex 
[5 ]  (C^-CHg, Ar-CHg plus C^-H) ; (&) 288 ( 56OO); mass m/e
327 (M*̂ ) 206 [70^ ] ,  205 [20/0] .  Perch lorate  s a l t  (EtOH) (6 l^ )  
m.p. 124- 6° mass m/e 326 [2% ] ,  205 [lOO^l, 204 [ 9 Cf f o] ,
A t t e m p t s  t o  f o r m  d i i a s t e r e o m e r i c  s a l t s  o f  (57) w i t h  e i t h e r  
( + )  o r  ( - )  f o r m s  o f  D . G . T . A .  r e s u l t e d  i n  f a i l u r e .  A l t h o u g h  a  
s o l i d  d e r i v a t i v e  w a s  f o r m e d  w i t h  ( - )  D . G . T . A ,  a l l  a t t e m p t s  a t  
r e c r y s t a l l i s a t i o n  f r o m  E tO H ,  a c e t o n e ,  MeOH and  e t h e r  g a v e  o n l y  o i l s .
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T.L.C. of -cyan id e  and tetrah yd ro-3 -b en zy l d e r iv a t iv e s
The -c y a n id e s  (24 , 25, 26 and 27) would not run by T.L.C. 
on e i th e r  alumina or s i l i c a .
In the manner described  above, 20mg of each of the -cyan id e  
d e r iv a t iv e s  were converted by NaBH  ̂ into  the 3-%enzy1 - 1 ,2 , 3 ,4 -  
te tra h y d ro iso q u in o lin e s  ( 4 6 , 47, 48 and 4 9 ) .  With example ( 24 ) the  
product was at f i r s t  not p u r if ie d  by ex tr a c t io n  in to  2N HCl, and 
T.L.C. on alumina (e lu te d  w ith  4 x Ĉ Ĥ  and 2 x C^H /̂GHCl  ̂ 7 / l )  
showed two s p o ts .  M aterial at RF 0 .9  was ex trac ted  from the 
alumina in to  CHCl^, V  2333, 2294, mass m/e 341 (M^) [8^3 
340, 339, 220 [ 100^ ] .  This evidence i s  c o n s is te n t  w ith  the  
N-borane s tru ctu re  ( 5 0 ) .  The m ateria l at RF 0 .8  was a lso  
extrac ted  in to  CHCl^, 0  showed no absorptions 2000-2600,
mass m/e 327 (M*) 206, 205 c o n s is te n t  w ith  the d es ired  racemic
6 ,7-d im eth ox .y -2 -m eth .y l-3 -(4 -m eth oxyb en zy l)- l ,2 ,3 ,4 -te trah yd ro  
i so q u in o lin e  ( 46) .
Using t h i s  acid e x tr a c t io n ,  the te tra h y d ro iso q u in o lin e s  (4 7 ) ,  
( 48) and ( 4 9 ) were prepared and shown to p o sse ss  no N-borane 
m a ter ia l .  The T.L.C. c h a r a c t e r i s t i c s  of the four compounds were 
very s im ila r  w ith  ( 46) and (47) running almost toge th er  RF 0 .6 ,  and 
( 48) and ( 4 9 ) s l i g h t l y  f a s t e r  at RF O.65 ( th e s e  f ig u r e s  were 
obtained using s ix  e lu t io n s  as described above).
Cross Migration R eactions
i .  Racemic. The racemic a c e t a l s  (28) (38.9mg, 0.1m.moles) and 
( 31) (39*Omg, 0 . Ira.moles) were d is so lv e d  in CHCl  ̂ and the 
so lven t  removed under high vacuum. The mixture was trea ted  
with hot 6N HCl (2ml, outgassed w ith  Ng) and kept at 100° under
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Ng in a stoppered tube fo r  Ihr. Workup according to  the procedure 
described  on page 225 afforded a mixture of ij^-cyanide d e r iv a t iv e s  
(l8mg, 26%). A d u p lica te  rea c t io n  gave (20.5mg, 29%) mass m/e 5ev 
309, 323; 325, 339 (s e e  s p e c tr a l  s e c t io n ) .
A sample o f  the y -cyan id e  d e r iv a t iv e s  was trea ted  w ith  
NaBH  ̂ in EtOH and extracted  from ether in to  2N HCl in the manner 
described b e fo r e .  T.L.C. over alumina confirmed the presence  
of the four 3 - B e n z y l - l ,2 , 3 ,4 -t© trah yd ro isoq u in o lin es  ( 46 ) ,  ( 4 7 ) ,  
( 48) and ( 49 ) %y comparison w ith  the samples prepared from the 
auth en tica ted  -cyan ide  d e r iv a t iv e s  ( 24 ) ,  ( 25 ) ,  (26) and ( 27) .
i i  O p t ic a l ly  a c t i v e . The o p t ic a l ly  a c t iv e  a c e t a l s  (54) (38.7mg,
0 .1  m.moles) and (55) ( 38 . 9mg, 0 .1  m.moles) were mixed and trea ted  
in the same way as above and a mixture of -c y a n id e s  (l7*5mg, 
and (20mg, 28.5% fo r  rep eat)  were i s o la te d ;  mass m/e 5©v 309,
323, 325 and 339 (se e  s p e c tr a l  s e c t io n ) .
Also in an analogous manner to  th at described  above the  
(/^-cyanide mixture was trea ted  w ith  NaBH  ̂ and the presence o f  a l l  
four d e r iv a t iv e s  ( 4 6 ) (4 7 ) ,  (48) and (49) in d ica ted  by T.L.C. 
comparisons w ith  samples obtained from au th en tic  -cyan id e  
d e r iv a t iv e s  ( 24) ,  ( 25) ,  (26) and (2 7 ) .
I s o la t io n  of s t i lb e n e s  ( 38) ,  ( 4 3 ) ,  (44) and ( 4 2 ) .
The acid in so lu b le  m a te r ia l ,  which did not ex tra c t  in to  
the e th er ,  from the m igration rea c t io n s  o f  the racemic a c e t a l s  
( 28) ,  ( 23) ,  ( 30) and ( 31) was trea ted  tw ice w ith  charcoal and hot 
methanol. The charcoal was f i l t e r e d  and the red s o lu t io n s
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evaporated and the r e s id u es  c r y s t a l l i s e d  from MeOH. The s o l id s  
were c o l le c t e d  and again trea ted  w ith  charcoal prior to  
r e c r y s t a l l i s a t i o n s .  This procedure was carr ied  out on the 3hr 
100°; m igration r e a c t io n s  and the acid in so lu b le  m ater ia l from 
the methylenedioxy compounds (30) and ( 3 l )  rep resen ts  approximately  
20- 25% of the product whereas the trim ethoxy compound ( 28) only  
10%; and ( 29) approximately 15%. T rans-3 , 4 , 4 ' - tr im e th o x y s t i lb e n e  
( 38) ( 2%) was i s o la t e d ,  m.p. 135° (MeOH) same data as on page222 •
T ran s-3 ,4 -d im eth oxy-4* -eth oxyst ilb en e  (43) (5%) m.p. 138-9° ,  
N.M.R. (CDCl^) 7 . 45- 6 .8  complex [ 9]  (arom atic H, plus o l e f i n i c  H),
3 .92  s [ 3 ] ,  3 .87 s [ 3 ](2  X ArOGH ) ,  4 .O4 q [ 2]  J = 6 .5 Hz (ArOCĤ CH ) ,
1 .40  t  [ 3]  J = 6 .5  Hz (ArOCHgCH ); 1516, 1249, H 3 6 ,  969;
max (&) 294 (20 ,600 ) , 305 (24 ,400), 320 (28 ,300 ) , 332 (3 1 ,000 ) ,
345 ( 22 , 500) a f t e r  exposure to UV ^ 258, 286, 300sh; mass m/e
284 (M"̂ ) [ 100%], 269 [ 19%], 255 [22%J, m etastab les  254 .5 ,  229 .
(Found: C, 75*7; H, 7 . 4 . C^qH^qO  ̂ req u ires  C, 76 .0;  H, 7.1%/.
T rans-3 ,4 -m eth y lened ioxy-4 '-m eth oxysti lb ene  ( 4 4 ) (8%) m.p. 143-143*5,
N.M.R. (CDCl^) ^  I5I8' 1257, 1180, 959, 935; (g)
295 (20 ,0 0 0 ) ,  306 (2 0 ,600 ) , 334 (30 ,100), 347 (21 ,000), a f ter
exposure to UV /j 255, 295; mass m/e 254 (m"̂ ) ["iOO%J, 239 [23%J,
m etastable 225.
Trans-3 , 4-m ethylened ioxy-4*-e th o x y s t iIb e n e  (42) (9-10%) m.p. 141-2°  
N.M.R. (CDCl^) 7 . 48- 6 .75 complex [ 9] (arom atic H plus o l e f i n i c  H) ,
5 .95  S [ 2]  (O-CHg-O), 4 .03  q [ 2]  J = 6 .5  Hz (ArOCHgCH^), 1 .42 t
[3 ]  J = 6 .5  Hz (ArOCHgCHj); ( g  295 (2 3 ,2 0 0 ) ,  307 (2 4 ,1 0 0 ) ,
334 ( 31, 700) ,  348 ( 23, 200);  mass m/e 268 (lj‘̂ ) [lOO^j, 239 f l2 ^ ] ,
238 [11^ ] ,  m etastab les  2 1 3 .2 ,  2 1 4 .6 .  A fter  exposure to  UV, 
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